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GREETINGS

On behalf of the Arizona Water Resources Committee and the
Arizona State Land Department, your co-hosts, | extend a warm wel-
come to all of you, especially to those who have come great distances
to attend this, our Sixth Annual Watershed Symposium.

Atter listening to what we hope will be an unusually interesting
pragram, we think you will agree the art and science of watershed
management in our state has made great strides during the past six
years.

It is with the thought of bringing vou up to date with what has
been accomplished thet we have chosen this year’s theme for the
symposium: “The Arizona Watershed Program in Review'"

KEL M. FOX
Program Chairman
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Welcome
PAUL J. FANNIN,
Governor State OF Arizona

1 am pleased once again to weleome those who have come
from outside Arizona to attend this Watershed Symposium,
and to compliment the Arizomy people who each year
make this meeting an important contribution to the grow-
ing mass of information about watershed management,

One of the mast significant things about this Arizona
Watershed Program is that it has been inspired and pushed
forward since its beginning in 1956 by a group of citizens
in Arizona whose aim is to learn basic facts about the
ways in which watershed lunds serve the public, and to
promote the application of these facts to the practical
munagement of such lands, 1 congratulate the Arizona
Water Resources Committee for its unselfish dedication to
that purpose,

The success of the Committee’s program may be
measured by the interest, cooperation and actual work
being done by the many government and private agencies
which have land and water research and management
responsibilitics in Arizona. Without the inspiration and
assistance offered by the Arizona Water Resources Come
mittee 1 feel sure the search for knowledge and unders
standing in these matters would not have advanced as
rapidly as it has,

The Arizona Citizens’ Commiftee wis also largely
responsible for the establishment of a Watershed Manage-
ment Division in the State Land Department, and that
Division is a key factor in the continuing cooperation und
coordination belween the apencies involved in the Water-
shed Program.

One of the most encouraging things going on right
now in Arizona is the growth of widespread public interest
in the full and orderly development of the State’s pro-
ductive resources, which include water, timber, grazing,
minerals and that hard-to-classify. but very important
factor — wildlife and recreation,

[ will not attemnt to list those resources in the order
of their importance, except in the case of water, which
everyone recognizes must have a top priority in State
Development planning, An adeguate  water supply s
essentin] - a Frst requirement — for the beneficip] use
and management of all our other resources.

For many years knowledge und interest in water was
largely limited to a relatively small group of recopnized
experts representing specinlized  groups of waler  users,
Agricultural and mining interests were the most effective
developers of water resources for many years, because they
were the most directly concerned, and because their oper-
ations demanded Farge quantities of dependable water.

But with the great and rapid growth of population
and industry in the State in the last few years, and the
inevitnble competition for the limited waler supply, other
users of water have been awakened 1o the problems of
supply and distribution. Cities and industry, lumbermen
and sportsmen, cattlemen and politicians have joined the
farmers and miners in being concerned with the develop-
ment of our wiler resources,

This is all to the good. Special interests and the public
must be aware of their basic need, and the problems
relating 1o it, before anything much can be done to solve
the problems,

Important as it is 10 all of us in Arizona, we will not
have completely solved our water problems when we bring
Colorado River water into the heart of our State. Arizona
will still be a water-deficient state when it has put 1o use
every drop of its share of the Colorado River, When we
have accomplished that, as we must, we will then have to

depend for additional wvailable water upon an increase in
use-efficiency and conservation.

Apriculiure - the greater user of water — has ae-
complished much in the eliminution of water waste by
liming canals and ditehes to prevent oss by seepage, in the
control of water delivery 1o more precisely match demand,
anch in the scientific applieation of water to meel the peeds
of spacific crops. Agnicullural research and management
will continue o improve the efliciency of water use on
farms.

The major mining companies have setoally reduced
the amount of water reguired per ton of processed ores
through new processes and intessified re-use of water.

Cattlemen wo always relatively smull users of water
~ huve increased their water-use efficiency by making it
avaikable in arcas thit could ot be grazed before, This
must be considered an increase in the productive value of
their use of water, The elearing of worthless junipers from
thousands of acres of range lands is o conservation of water
because it promates the production of valuable grass,

Perhaps the weukest link of all in this picture of water
eonservabion - and one which s bound to hecome ip-
creasingly important o the years abead = bs the use of
water by people who live in our cities. At least half of the
witter put into mumicipal water delivery systems i now lost
in the sense that it is used to conduct waste products away
From the ity users, This loss of water can be eliminated by
practical methods of water treatment and beneficial re-use.
But before that becomes possible the public must be
educated 1o the ides amd willing to invest public money in
the necessary treatment lacilities.

The Arigona Watershed Program, as vou know, fits
perfectly into this picture of water conservation as a source
of more water available o all of its beneficin] uses,

The aim of the program, as | ounderstand i, is to
make the water that falls on our watershed lands produce
more commercial timber per acre — not more trees to
compete unsuecessfully with each other for limited soil
mosture. The program is aimed ot producing prass for
prazing and soil protection where that appears to be the
best use of the Tand and woler resource. 1t is aimed a1
reducing loss of water by transpiration from worthless
vegetation where other types of vepetation can be safely
and practically substituted. 1t is aimed at improving wild-
life habitat,

It is atmed at producing more water runoff where
that can be accomplished safely. bn short, it is an attempt
to increase the efficiency of watershed Tands and make
mulliple use of such lunds something real and meaningful
to the public, rather than o theory 1o be talked about at an
academic level,

The cord that binds the whole program together is
Arizona’s need lor good dependable water 1o keep all the
facets of vur growing ceonomy sirong and healthy.

I expect this sixth annual Arizona Watershed Sym-
posium to do what the other five have dome; that is, cast
mare light upon, and increase our knowledpe of, the ways
in which we can — through enlighiened manugement e
make more wiler available in Arizonn for future gener-
ations of our people.

I ouy children and theirs are to live and prosper here,
and if Arizona 15 to continue to occupy its position of
impartance in the Nation, we must develop and conserye
every drop of water that comes our way, To this end 1
know you people here today are dedicated, and on behalf
of the citizens of Agizona | express appreciation for the
work you are doing.

3
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The Arizona Watershed

Program In Review

By C. C. COOPER, IR,
Prosident, Arizona Waler Ressurces Commitice

1 realize that I am addressing an audience made up
lurgely of old friends of the Arizona Watershed Program,
Therefore, 1 am going 1o avoid insofar as possible, giving
you 1 blow by blow description of the Program's develop-
ment and progress. Rather T will mention only what |
Wsink are the most interesting highlights of our past s
our present and then make a few observations ahout the
future.

T might say at the outset that if there have heen any
significant changes from the original concept of the
Arizonn Watershed Program, they would have to lie only
in the revelation that beside water yields there were tre-
mendous gains to be made in all other aspeets because of
goodd management for water, Tnsofar as the development
af the Program is concerned it has followed closely along
the lines of its original plan, The plan was this; first find
out what the conditions were that could be responsible for
the continuing drop in water yiekd, the lowering capacity
tor support livestock and game animals and the obvious
over-papulation in the stands of mixed conifers, ponderosa
pine, juniper and chaparral, Second, was to determine
what, in the minds of the experts, could be done to correct
these conditions., Third, to test by scientific means the
management practices that were recommended by the
experts. Fourth to find ways to put the proven methods
into full scale application,

Only six years ago the Program was still in its survey
stage, A preliminary survey by a gathering of watershed
technicians and specialists Irom all over the United Stales
was sponsored by the University of Arizona, the Salt River
Project and the Arizona State Land Department. With the
avatlability of their report the Program passed into its
second state of development — that of action, This action
came about in the form of the creation of the State Land
Department’s new Watershed Management Division and
the appointment of a Citizens Group called the Arizona
Water Resources Committee, Together they formulated
what we refer to to-day as the Arizona Watershed Pro-
gram,

Then it entered into the research phase —— a phase
which will continue for years to come though it is now
being parafleled by the final phase, the full seale appli-
cation of proven treatment methods which have already
been underway for a year or more in some instunces, In
effect, while we are learning ahout what can be done in
some lields, we are encouraging the use of those watershed
management technigues which have already proven their
worth, Yes, we now have the facts which justily large
scale application of severnl of our original concepts, But
we also know that ecological relationships on a watershed
are extremely complex and that continued research is an
absolute must if the Arizona Watershed Program is to
continue on firm ground.

4

The necessury years of pretreatment calibration for
water vield information and the subsequent years of
stream-flow  measurensent alter treatment demand that
we be patient and avoid premature conelusions about
water yields from certain of our pilot projects. However,
the other benefits such as thmber stand  improvement,
forage development, wildfire fuel reduction and improved
recreational conditions bring us to the realization that
large scale application of such practices as ponderosa pine
thinning, clear cutting patches in mixed conifers, juniper
invasion control and chaparral management for better
tivestock forage and game habitat can now be considered
na proven walershed management tools,

I don™ want to erente the bmpression that as yet we
know nothing about water yield from treated areas. Actual-
Iy, preliminary ligures vary from encouraging to downright
dramatic but we realize that much analysis of the data at
hand remaing before we can make absolute claims of fact
concerning water vields from «lf of our projects, Any
publicity to the contrary, we want it known that we are
fied now and never have been advocating premature appli-
cation of full scale treatment practices, Nor do we sanction
prenmatieee clabms of results which are not scientifically
proves,

And while | am on the subject of what we are not
doing, fet me state that we will never advocate watershed
management practices which do not give fafl consideration
o gl of the multiple-use values,

Envugh of the negative — returning Lo the positive,
Fust how Far along is owr Program today? By “ow”, I
refer to an impressive list of conperating agencies, business
prganizations, civic minded citizens and associations, 1
wint to read you this list because | am sure you will agree
on hearing it that the Arizona Watershed Program and all
it encopmpasses is not only unigue but probably the most
stpnificant effort of is kind wo-day, Here they are:

The United States Forest Service
The United States Geological Survey
Agricultural Research Service

The Bureau of Reclamation
Arizona State Game and Fish Dept,
The University of Arizona

Salt River Project

The Livestock Industry

The Mining Indusiry

The Arizonn Bankers Assoc,

The Arizonz Development Board
The Boy Scouts of America

The Bureau of Indian Affairs

The White River Apaches

The Soil Conservation Service

The Army Corps of Engineers
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Arizona State College at Flagstaff
Arizona State University
The Arizona Assoc. of [rrig. Districts
The Chemical Industry
The Timber Industry
The Heavy Equipment Industry
Arizonn Public Service
and, of course, your hosts
The Arizona Water Resources Committee
aed
The Watershed Management Division
af the Sune Land Dept,

I wm sure you can see that the word “our™ refers (o
hundreds of imdividuals whe are, in one form or another,
contributing time, talent and fortune toward our goal of
good resource management, specifically toward the pri-
mary purpose of intensive watershed management in is
larger sense. Unbeligvable progress has been nuade. And
why shouldn’t this be, with the cooperative effort of so
nany,

Cooperation and coordination with their corrolary
benefits of communication and wnderstunding are the
privicipal keys to iy Program®s success o date.

Referring again 1o our original plan, let me repeat
that we are to-day in the phase of combining continued
research and broad scale application of proven methods.
By way ol giving vou an indicator of just bow large this
Program has grown o be, | would mention that we antici-

ale that next Tiscal year there will be over o million and a
half dollars allocated to the specilic purposes ol lorthering
our progeam’s recommendations, This is a sizeable ex-
penditure by anybody's standards and | am sure there is
o doubt in anyone's mind but what we are pelting our
money’s worth out of it

Lest there be some confusion in your mind, the
Arizopn Water Resources Committee has been able to
erform its functions on a small annual bodget which has
een met every yeur by voluntury contributions, This vear,
however, the importance of ereating a more versatile and
up-to-date media for telling our watershed story became
a major project of the Committee, Consequently we gather-
ed up our courage and contracted 1o make & 16mm color,
sound, motion picture, This movie will depict the applica-
tion of the program’s recommendations on the Cibeeoe
Watershed of the White River Apaches. This was a very
ambitinus undertaking we know, especially in view of its
cost. We have had some very generous contributions thus
far and we are optimistic about being able to raise all of the
money needed. But if any of you have any suggestions to
offer toward this end we will listen most receptively.

As 1 mentioned in the beginning, | do not want to
burden vou with detailed explanations of the status of all
of our projects; but I am going to tell you now about some
results from a few of them that T am sure will interest you.

The first one refers t the Program’s recommendation
of clear cutting mixed conifer stands in patches. In the
Sierra Ancha Experimental Forest they precalibrated and
then elear cut on an 8O acre area of mixed conifer timber
in a 248 acre watershed. They then measured the results
over a period of years and found that increases in run-olf
varicd from a 10 acre<foot incrense in yield during a sub-
normal rainfall year to a 40 acre-foot increase during an
above normal year, Other elear cutling test plots are in
progreess on the Apache Nutional Forest, The Forest Ser-
vice is sufficiently impressed by this and other related

benefits that they feel justified in planning to clear cut
several thousand acres on a commercial basis. Game
managers and stockmen are most enthusiastic in their
anticipation of the benefits to be derived from this opening
up of the forest,

Anather case of important increases in water yield
veeurred at Cottonwood Wash in Mohave County. There,
the elimination of 22 acres of coltonwood trees along the
stream bed resulted in an increased water yield of 1.9 acre
feet for each acre so treated, according o the United States
Geological Survey Report, This amounts to enough water
for 187 people for one year at the rate our folks use water
in the Phoenix aren.

A large scale application of stream bed vegetation
nodificution is being carried out by the Apaches on their
Cibecue drainage. Gains in water vield from this 500 acre
area will only have to approximate those realized on
Cottonwond Wash 10 be of tremendous benefit to the
Indians and the down-stream users.

Results in terms of gains in water vield on projects
invalving the Arizonn Watershed Program’s other reconi-
mendations, such as ponderosa pine thinning, juniper
removal and chuparral management are not yet at the stage
where we wish to interpret them conclusively. However,
it was accidentally learned, as the result of a wild fire on
the 3-Bar project, thar chapareal removed in this manner
produced a seven-fold increase in water yield. As expeeted,
lowever, soil crosion is also o serious result and wild fire
is certainly not to be considered a management tool. There
is reason 1o believe, though, that fire can be employed as
i management ool in chapareal as is being demonstrated
by controlled burning tests being carried out by the Forest
Service Research. If their studies continue to be as en-
couraging as their early efforts would indicate, then this
method of controlling chapareal growth may not only be
of tremendous benefit to foruge development and water
but would likely lead to a practical way to minimize the
wild fire potential in this zone. This development in our
Program should be of considerable interest 10 our Cali-
fornia neighbors, not to mention their insurance companies,

OF course water hus been our program’s prime moti-
ator and understandably so. But, as 1 mentioned earlier,
we now kaow that related benefits too ather multiple-use
values are in therselves turning out to be just as significant
o the Tuture production of our watersheds, For example,
relative to our recommendation of juniper invasion control,
a 10,000 aere juniper infested aren that was cleaned up
and reseeded to grass jumped from a cattle capacity of 93
head for five months of grazing to an anticipated 1500
head capacity -~ a potentinl 16 fold increase. The Arizons
Watershed Program does not take credit for initiating the
practice of juniper erndication. Range munagers have been
resorting to juniper eradication to reclaim their grass fands
for many years but, under our progrum, this practice is also
being studied for its relationship to water yield.

There are still other related benefits to our State's
economy because of the suecessful development of the
Arizong Watershed Program. For instance, consider the
opportupities opened up to the suppliers of equipment and
muderials used in the treatment methods, Also, because of
the proven value of clear cutting and thinning timber
stands, u fuvorable elimate was creaded for the establish-
ment of the Southwest Forest Industries’ pulp mill near
Show Low, a new industry for Arizona. Further, the pro-
gram has encouraged and assisted in the expansion of
seientific und educationa! facilities in our schools of higher
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learning. You will hear more about this later in the day,

Now what do we see in the future? This much we
know, the demand Tor more intensive welershed and wild
land management is becoming stronger every year. This
has to reflect imsell in the allocation of mare manpower
ared money by the land management agencies toward the
purposes which complement our progrion. These demands
stem o a karge degree from the pressures and impacts of
an expanding population and the attendant need for in-
tensive multiples-use management, Al the onrser of our
program’s develapment there were many who were fore-
cusling this condition but 1 wonder how muny of us fully
realized at that time just how soon this stuation would
come about. In these past six vears we lave seen a Senale
comunittee  complete an exhaustive  evaluation of  our
nation's water supply and Found it wanting. Land manige-
ment agencies have been asked 1o snventory the present
capacities and projected capabilities of their lands. A
nadionewide survey of fulure recreational needs has been
madle,

Looked al from the viewpoint of the professional
watershed  specialist, these circumstinees are certainly
putting a premium upon his services. The research man
ey knows Usat his Tindings sre needed For Hnmediate use,
The technician knows that his knowledpe and skill will
make a more signilicant contribution than ever before.
Administrative and management personnel of public Tand
agencies realize that they must intensify their elforts and
must seek the conperation of Tand users in order 1o achieve
their goal. By land users | meun the grazing permitiee, the
timberman, the sportsman, ete, These peophle too wust
recognize their own responsibility and that good watershed
mamagement will depend upan their efforts just as much as
it does on the professionals.

This brings me to what | consider to be one of the
mast dilficult problems coming up in watershed manage-
ment, | would describe it as un inevitable conflict of
interest under multiple-use. 1L would be far casier if each
maltiple-use value could be developed with cqual emphasis,
but this s nol realistic. Choices do have lo be made.
Decisions #s to the best use of a given area have 1o be
arrived at and they will need o be based on many factors
such as peographical Jocation, terrain, climatic conditions,
soil conditinns, proximity 1o population centers, ete. [t is
these decisions, good or bad, that will bring out criticism
from conflicting interests, Mot that they will necessarily
be justificd, rather they will arise primarily from a lack of
understanding  and appreciation of the larger values.
Consequently, expanded programs for public education
and public relations we as important i ool of munagement
4% any we use.

The Arizona Watershed Program has been Tortunate
i this conneetion, Al the outset, when little was publicly
known about our recommendations or the methods to be
employed, there was some renction on the part of a few
wha had the mistaken belicl that vegetative modification
meant the destruction of other watershed values Tor the
suke of water alone. This mistaken concept, insofar as it
was publichy expressed by the uninformed, did not notice-
ably retard the program. But it did impress us with the
importance of getting the true story told us soon as pos-
sible,

1n addition, the constant efforts of the Arizona Water
Resources Committee to bring together all of the interests
concerned, to encourage them Lo participate in e develap-
ment of the program and to take part in its execution,
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minimized the possibility of interagency conflicts. This
elfort of stimulating action and coordinating all of e
rescurch projects has been one of the most valuable contri-
buttons the Comunitiee has made,

The vust mujority of the land i our western stutes is
in stite and Federal ownership. Consequently, ways wiust
be found to encourage femant fund user participation
witershed improvement practices for their own benefit, If
it can be shawn 1o the stockman or the sportsman that it
is 1o their benefit Lo develop more Torape by clear culling,
thinning pine, removing juniper and controlling chaparral,
e it 15 time te expect their participation. But, belore the
public land user becomes very interested in putting his
woney into public lapd improvement, be is going o need
more assurance of tenure, longer term amorization of the
cost relative to his lease or permit and more cooperative
funds from the management apencics,

These matlers pre being discussed. We hear them in
meetings of Advisory Boands and Councils, and this leads
e to the belief that the way is opening for greater partici-
pation because of betier communication and understand-
g, We also note that there seem o be more public
hearings refative 10 public land management. 1 hope this
trend will continue and that the aon-professional citizen
will take full advantage of these opportunities o participate
in the planning for our future, Local conditions are best
presented by local people, IF we Jeave everything to be
worked out at government level, it is not likely that ouwr
best interests will always be served.

Before 1 conclude, [ want to indulee an ald theme
of mine. It is what 1 think is the logical answer to the
complaing that oo mueh public money is being diverted
into agricultural type improvements. | cannot guarrel with
the wrpoment when it relers 1w subsidizing  inetlicient
production. But | do resent the confusion with moncy
apent for resouree management.

Seil amd water are our only resources that can b
improved with use. Insolar as conditions exist which
clearly indicate that this resource needs developing or
managing or reeovering, then funds directed o this pur-
pose develop our national wealt, our capital assets, re-
newible assels i vou will, Many af the warld’s preatest
civilizalions  succumbed  because they permitted  their
apricuftural resources 10 become exhuusted,

Mow don’l misunderstand me. | do not mean by this
that we should “over protect” our lands. This is stagnation
e Peversion (o wneneeed wilderness. The day s long
past when we can wiit For natural elements to restore or
o correct imbalance,

We have 1o know how 1o use this resouree and main-
Lain u sustained yield forever, But it takes careful manage-
ment and scme long term investsent b o it

I conclusion let me sy again thal we are proud of
ot local accomplishments Tor better watershed manage-
ment here in Arizomt, We are sincerely apprecintive ol the
cooperation we have received from all of the management
aned researeh agencies. We are encouraged by the inguiries
we e receiving from other states and other parts of the
world. 1t is my sincere hope that by the time my generation
eaust turn the task of witershed manupement over o our
young people, that we can do so feeling that we have been
good managers amd not peglectful in the development of
this resource.

I thank you for your kind attention,
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A Look At Watershed

Management Progress In Arizona

HERBERT C. FLETCHER
Staff Assistant, Resources Program Stalf, Depariment of the Interior

B is o pleasure for me to be with you today. | have
some Tond memaories of experiences | had while | lived in
this area. 1 am somewhat apprehensive to approach this
subject becnuse many of you have been much more closely
associated with Arizong watershed problems longer than L
It only seems like o few months ago that Ray Price, Jake
West, Tex Norman, Bill Pickerell and 1 sat down to see
how the Sall River people could hecome more interested
in the research work the Forest Service was conducting at
Swerra Ancha, It was several years after this that through
the leadership of Rod MeMullan and the Board of Dir-
ectors @ Himber harvesting program at Slerra Ancha was
uncbertaken w determine some of the effect different
watershed management practices have on water vields.
Now you lave o variety of projects in different vepetation
zones desiened to study these conditions, and several action
programs have bzen initiated by the Forest Service and
Indian Service fo increase usable water supplies and im-
prove the forage for livestock.

Walershed management studies started back as far
a5 19E0 on a modest basis. During 1932 the Forest Service
set aside the Sierra Ancha Experimental Forest to study
soil stabilization. hydrology, and sediment reduction under
arid conditions. These research results have provided some
of the hasie information now being used to develop waters
shed management plans. Early in 19536 the State Land
Department, the Water Users Association and the Univer-
sity of Arizona published the Barr report which stimulated
mench interest in the water problems and eventually led to
the establishment of the Watershed Management Division
af the State Land Departuent. Needless to say, the recom-
mendations of the study group were not completely accept-
able to every one. The job was a lurge one. The major
task remained to pull o progeum out of the mass of data
aceumulated upon which Arizona could proceed with some
plan o achieve the projecied poals. You have made some
notable progress toward some of these goals but much
remaing 0 be done, 1 would Tike to review some of the
progress you have made and call to your attention some of
the places where [ feel greater prowress will be made to
mest the prowing demands for water,

It is needless for me to remind you people that water
i your most important resource, basic to everything else.
With an adequate supply of water, vour future is limited
only by your imagination and eneray. Without it, no matter
what else you may have, there can be no sionificant pro-
gress and no future for the State. Other civilizations have
passed oul of existence in this arid land, and water could
be the limiting factor to your future progress,

In this fabulous day and age when man is not conlent
with the conguest of the planet on which be lives, but
stands on the threshold of the conguest of space; when he
has brought under his direction and control forces beyond

the dreams of his forebears and actually threatens to des-
troy civilization; when rapid commuonications and travel
have brought the farthest corners of the earth into close
prosimity and each day brings a new synthetic fubric or a
more efficient and new machine more ingenious than the
lagst = im this day of miracles and wonders, the importance
of water, its control and its use is not one bit less important
than it was when the foot of man flirst trod the earth, We
have machines that transport us and work for us with far
arepler speed and efficiency than the old beast of burden,
but we don’t have a mechanical substitute for water,

We know how to produce beautiful crops made higper
and tastier by artificial ferfilizers, synthetic foodstuffs of
surprising palmtability and nubritive quality, we even have
laboratory produced vitamins, but in 10,000 years, man
has not distilled or synthesized or otherwise developed a
single drop of any laboratory substance that can do the
work of water. In fact, the advance of civilization has
brought a steadily increasing demand for water, not merely
because of our increase in population numbers but also
because of our per eapita requirement for water hus in-
creased unbelievably,

It is hazardous to describe a trend that cannot be
vapressed in quantitulive terms because the resulls tend o
reflect the personal bias of the individual. On the other
land a quantitative analysis of trends in watershed develop-
ment would not reveal the significant changes that are
tiking place in our approach o walershed problems and
management. T oaccepted this assignment with a clear
recognition that probably no two individuals would inter-

ret what is happening in the watershed management field

in exacly the same way. Although many of vou may
disugree with some of my viewpoints or conclusions, my
efforts will bz adequately rewarded if 1 succeed in pro-
voking thought on the problems confronting you in the
development of sound watershed management concepts
and practices.

If we look back from our vantage point in 1962, it
seems to me that the end of World War 11 marks a sub-
stantinl change in both the accepted concepts and the
approaches 1o the watershed problems, First 1 would like
o examine some of the changes that have been oceurring
in our concepts and second 1 would like 1o call to your
attention some of the trends that affect the programs here
in the Southwest,

Consider the population increases that have taken
place here in the State. The percentage imcrease is Far
above the national average, Arizona’s population has more
than doubled in the last thirteen years. H is expected to
double aguin in fifteen to twenty years, This growth is
expected to continue at its present or increased rate if the
water is available, Even with the remuining surplus water
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that is expected from the Colorado River, the State will
have to husbund sll of its supplies to meet its expected
prowth, Clearly this is an aren in which major decisions
must be made to integrate a deficient water supply to an
increasing population and its accompanying demands for
water. The time is fast approaching when water reguire-
ments will be met largely by wise watler mapagement which
can enly be supplied from local walershed sources. Recoge
nizing also that some break-throughs will be made in
desalinization of brackish and sea water 1o repluce fresh
water in arcas close to the source of supply, we will still
bie hard pressed Tor potable water,

Here in Arizona the largest consumplive use of water
has been for irrigation. It was one of the carliest major
wses ane wis the backbone of this great valley in point of
time. Most of the early development has been associated
with agriculture developments and pursuits. This policy
has had preat benefits. B has been the base on which this
State has grown to the stature it now has, During the last
10 10 15 years this domination has gradually given way to
other interests, Other interests are demanding more and
more altention, Municipal and industrinl demands are in-
creasing. In most cases these demands can only be met by
# change o land wse, Another demand that is ateracting
considerable attention is water for recreational use. This
can be in many forms and in many cases 15 conflicling
with other uses.

The pump has had its part also in changing the pat-
tern of water demands and use in this area. In some areos
of the State pumping has not had the influence it has had
in others, In some areas it has had an immediate reaction
upon the availability of the water from surface sources, It
meest also be eredited with the elimination of considerable
amcaints of nonbeneficial consumptive use of water, thus
making it available us salvage water.

Throughout the State demands for waler are changing
in character as the population increases. The way wuter is
being made available is changing, Pumping systems are
becoming increasingly important, Water salvage systems
like that recently approved by Buckeye will become in-
creasingly important. In addition there are many decisions
with respect to policy and administration which have to be
made by a citizenry which at best is poorly informed with
respect to Lhe question of water use,

Mt is unfortunate that many of the people who must
participate in the decisions on the shorlage of waler are
new comers to arid conditions and have no buckground or
understanding of the hydrolopy of arid lands. A large
number of these people bring to the State a knowledge of
hydrology they obtained lrom the more humid sections or
the colder areas, and they attempt to apply this knowledge
to arid conditions, Unless some educational program is
effectively carvied to the man o the street, the values of
watershed management and its importance will not receive
the support they must have to insure un effective program,
New arid Lamd concepts must permeate his thinking.

What can be expected to be done to establish reason-
able und effecove policies of water use? To me the answer
is quite clear. Neither the amount of water nor its physical
availability will be changed by legislative or judicial action,
The wmount of water available for use can be modified only
by effective management of your water systems. | am
thinking not only of the watershed lands but the rivers
and reservoirs of all types, You have done a great deal to
canserve your water in the reservoirs or the laterals, but |
am sure Rod McMullan, or anyone else familiar with the
prablem, would be one of the first 10 admit that there is

8

mueh more that could be done to conserve the supplies, |
would also have to include underground supplies, Little
progress can be expected as long as so little is known of the
details of the hydeology of the State.

Why are investigational studies and research inade-
guate to provide o knowledge which would be the basis
for the outlook on water? There are several reasons lor
this. One ix the complexity of the area. One only has to
ook il the sources of water in this State to realize the
inadeqguacy of hvdrologic information. Lowel Rich and 1
tried of one Ume o group the Southwest into three major
waler and sediment yielding areas based on the cvapo-
pranspiration rate, (1) Each area had s own Iwdrologic
characteristics which in turn had their own variztions in
the combinution of water source and use, The climate und
thergfore the hydrologic response of different sides of
Il ean be distingtly different. There 18 a wide variation in
the way in which water occurs, More knowledge of the
relation of kind, form and arrangement of vegetation cover
o water vield s urgently needed,

At the lower elevations the major objective ol waters
shed management is to improve soil stabilization and re-
duce sedimentation. This may  necessitate  mechanical
structures and improvement of vepetation or both, 1f on-
site use of water 1 increased by developing or improving
usable vepetation, surfuce runolf snd the attendant seil
movement may be reduced. A secondary beneficial water-
shed use of the grass may alse be increased,

I the intermediate water yvielding zone (elevations
from 3 to & thousand feet) the coordination of watershed
management practices with range, timber, recreation and
other uses muost be worked out to determine how these
ather uses aflect water yvields and sedimentation, Hydro-
logic rescarch must be nerepsed to provide the answers
Lo problems of wide varisnce whicly are relatively expensive
but more importantly are time-consuming to conduct,

farer transport anmd the simple measurements of
water Jevels to mude the use of ground waler are an exer-
cise in futility in this and the lower zone. Bach aquifer must
be evaluated in terms of s area. Amount of water avail-
able, the recharge potentinds and methods of recharpe,
effects of dilferent rates of withdrawal are anly a few of
the factors that will need ntensive management as de-
s inorease,

Al the higher elevations (ahove 6,000 feet elevation )
wlich provide the lirgest amount ol the now usable water,
atershied  management  must conduet research 1o Tind
wiys b0 mansge veselation, both grass and timber and
snow quick o obitain the highest possible yields of water,
It ix in this area the potential of improving water vields
is Lhe greatest because of the bgher precipitation rates and
the lower evaparation and transpiration levels, Addition-
al studies are urgently needed on the accumulation, meht
and evaporation of snow under different vegetation condi-
tions, topagraphy, sail and climate. These are only a few
of the studies that are needed (o improve the watershed
management data so that more effeclive management
practices can be applied,

One cunnot rationalize the use of surface water in Lthe
State without evaluating the effect of a diversion or the
storape of waler ol o given point on another point in the
saine stream system, These diversions or storapes may be
naturad or artificiad, [ncluded in this is the non-beneficial
use of water by phreatophytes. The amount of water by
this diversion s not certain por is it koown how it may be
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subject to management. Some significant progress has been
made in this direction, however.

The effect of large numbers of stock tanks cannot
be established precisely, so there has been contention be-
tweest the users of the upper watershed and the lower users.
This subject was o mumjor contention between the San
Carlos water users and the upper users during the 40
The problem stll cannat be answered today, 1 cite this to
show only the slow progress that is being made on some of
the ohvious problems. The fuct that many of the critical
questions cannot be answered today indicates that present
systems For collection of daty and more particularty for the
analysis of new and old data do not meet present and
lore-secable future requirements which will permit better
witlershed practices to be applied.

Progress will be made | feel only if those charged
with administration of water conclude that an under-
standing of the hydrologic systems are Tundamental to the
discharge of their responsibilities. They must be so con-
vinced of such requirements that they can, ig fure, convince
the legislators who must appropriate the money needed to
undertike the studies and measurements,

The Arvizong Watershed Program has served a very
useful purpose in guiding the policies so that enlightened
people are nominated who understand water and watershed
problems. They can also serve as o disseminating point for
getting dite into use by all iderests, The Forest Service,
Soil Conservation  Service, Burenn of Indisn Affairs,
Bureau of Reclamation, Bureaw of Land Management,
Cieolopical Survey and Agricultural Research Service all
make fundamental investigations of hydrologic and water-
shed  conditions affecting their programs, With only a
limited audience, which many programs have, considerable
data never comes 1o the attention of the public unless there
is some State agency to collect and correlate the data,

Sound walershed management objectives formulated to
thie meeds of the Suile provide an organizational means for
stimulating and supporting those kinds of rescarch which
are essential o improve your possibilities o cope with your
ever mounting water problems, The basic purpose of a
good research program is to improve the understanding of
water in the context of Hs environment in and on the earth,
This purpose requires a great variety of specific activities
which also have more inemedinte purposes, These activities
and purposes, however, sometimes obscure the over-all
goals, The data i themselves huve many uses, but they are
not in themselves accurate assessments of water resources
nor do compilations of data by themselves explain how the
hydrologic system functions, Sympeosioms such as this
provide a focus and a source of emphasis and guidance for
basic research programs. Problems in the basic research
area are unanswered guestions, but watershed manugement
problems are problems which must be supported by the
best research available upon which some action must be
taken toward solution whether or not it is the final word in
scientific data gathering.

Here in Arizona you have been conscious of your
many water problems and have tuken steps o bring these
gmbtﬁ:ns to the attention of your research people and
state kegislators us well as supporting your Federal cangres-
sional representatives in oblaining Tacilities and programs
to work on arid land problems. Senator Carl Hayden has
for many yeurs been extremely instrumental in bringing
to Arizona such programs as the phreatophyte investiga-
ticms of the Forest Service, the Southwest Water Conser-
vation Laboratory here in Tempe, the Watershed Manage-
ment Outdoor Laboratory in Tucson of the Agriculture

Research Service. These wre only a foew examples where
stepped up programs have come your way because of the
State and local interests in watershed management,

These physical facilities which 1 have briefly called
o vour arfention represent spectacular possibilities of preat
interest, nnd the potential developments that can be vision-
ed will doubtless have a major impact on the water supplies
of this State and other States for a long time, However, |
feel quite certain that the greatest impact in the future will
be in duing better, the continuing everyday tasks of better
planning and engineering of your ordinary water supplies
and in the improved efficiency of their vse, These tasks
are the unglamorous and tend 1o go unnoticed. 1t seems to
me they need g share of our better thinking and more
attention than they are now getting. Some of these ordinary
tasks which need to have ordinary attention are:

o, Deseribing and undertaking the water supply of

the State,

b, Improving the nature of the supply.

¢.  Use of ground water,

d. Quality control.
These ure only a few of the tasks [ would like to have you
think of for a few moments in relation to what the future
watershed progrom should be in Arizona and the South-
wast,

A, Describing and understanding the water supply
of the State, 1 is axiomatic that any water supply develop-
ment should be founded on an understanding of the
pertinent water supply. Improved water supply information
is therefore & matter that needs serious attention. Most
water supply information is based largely on relatively
limited stream gaging, a few sediment and pollution studies,
some snow surveys and related meterological observations,
mostly through indirect interest, We need more fiekd
measurcments. We will probably never have enough, but
Iodon't feel that just expanding our paging stations is
enough. We need a breakthrough in developing automatic
field censor units, mass produced and inexpensive to sense
runnoff, temperature, snow cover, precipitation, evapor-
ation, wind movement, ete. Data should be telemetered,
automatically recorded and analyzed by machines, We
must develop methods for evaluating the water supplies of
unmeasured watersheds, We need 1o know not only {otal
anmual runoff but the nature of its occurrence. Its distribu-
tion and ity guality must be described both in time and
space. The major portion of our data are only statistical
records of the past. They do not vield the future, only
probable expectations. I seems to me we need to take a
pood hard look at our watershed management program and
overhaul it to meet this jol age. It needs o betler basis in
scicnee, it needs modern technigues and #t needs broad,
abyjetive, realistic plunning and programoying,

5. The second task that is before us is improving
the nature of the supply. Aside from increasing the quanti-
tutive amount of the basic supply, there is sull much that
can be done to improve its physical nature, Man's most
profound physical affect on the water supply probably
arises from the provision of reservoir storage. Industries
and population could not exist in this arid valley if it were
not for our great engineering works of storape and convey-
ance of water, We have made great strides in this field
since Roosevelt Dam was constructed. These advances
have not only come in research but in the entire technology
involved. We need much more, In the Southwest in many
cases we pay oo high a price in evaporation from our
reservoir storage. Evaporation from free water surfaces,
around 7 o 8 acre feet from Roosevelt Lake, is therefore
of paramount interest o all. Some work | understand is
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under way here at the Tempe Conservation Laboratory as
well as elsewhere, bul we are a long way from having the
problem under control, The conveyance or transpartation
of our water supplies is also of major importance. We have
rreatly improved our conveyanee devices, including pumps,

ut there s much to be done. Transportation costs are too
high amed open channels are frequently subject to excessive
sEEpage.

C. The third important area is our ground water
supplies. This is essentially o stornpe program. 1t may be
shart or long term. Annual or periodic withdrawal may be
fimited to annual or periodic rechurge, or on the other hand
waters accumulated over extremely long periods may
simply he mined and the resource exhausted, While some
good work is being done in this field, we do not have
reliable information on how w manage most of our ground
water basins, Public policy in regard 1o pround water
utitization needs very careful, long-range study in consider-
able detail,

Proper management of the pround water resource
could g0 long wiy toward climinating transpivation by
uneconomic vegetation which would also reduce water
loss,

Extensive information on the extent of ground waler
resources, the transmissibility of aquifers and their re-
charge potential is continually in short supply, Here nlso
new and improved techniques for obtaining, compiling,
and analyzing large masses of data would be helpful, ‘Well
technology has made great strides in recent vears, however
there seems o be much room for improvement,

_We also need to be able 1o extract the waler from
aguifers of low transmissibility. The cconomic value of
devises for this purpose could be of great importance,

D The fourth important Factor where much im-
provement will need to come is in the area of water quality
e prlition, which makes water unucceptable, is 1 serious
threat to many of our supplics. On this point the Select
gﬁzmmiuce an National Water Resources has this fo say:

)

“Unless the country is ready Lo cope with waler

pollution an a far greater scale than at present,

it appears that many streams will become putres-

cent and our rivers open sewers.”

Based on present technology the trmeendous need of water
for waste dilution will strongly dominate the future non-
consumptive use load placed on our water supplies and
may well encroach heavily on consumptive uses, We need
to attack both the waste disposal problem and improve
sewnge treatment technoedogy head on This is an area
where we need especially bold thinking.

Practice has led us to think of disposal more and
mare in terms of Mushing wastes down the sewer, With a
little thought and effort we may come up with some very
attractive ideas for waste dispasal systems reguiring greatly
reduced quantities of water,

I expect to see flush toilets and other water wasting
facilities used here in Arizona Tor u long time to come, On
the other hand, I question the wisdom of the extravagance
in many arid regions of allocating water to most forms of
waste disposal with no thoupght to water saving alternatives,
As has been pointed out by the Senate Select Committee,
“rescarch and development of new techniques and pro-
cesses for treatinent of wastes are needed in two directions.
First, to permit reduction in the costs of the pollution
abutement job, and second to develop techniques for deal-
ing with some of the newer and more vnusual types of
wastes which cannot be handled by existing methods of
treatment,” 2
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There is also a great need to develop methods of
reducing the sediment and other pollutants coming from
our watershed lands. Water for domestic use obtained
from controlled and properly manaped watersheds is being
produced with o minined treatment ot a cost of abowt one
dollar per million gallons. By contrast, it costs on an aver-
age ol ubout 40 dollars per million gallons o treal con-
taminated or turbid waters to produce a less desirable
product, Protection of the water resource, whether by
speeitic contral measures on the streams or by proper
numagement practices on the watersheds, must be recog-
nized as a part of any enterprise using or capable of
effecting water.

[t is well recognized that basic w proper planning is
full knowledge of factors controliing the water resource,
Physical conditions of the witersheds comtrol water vields
as to wmount, Bming, and quality: and 1o a considerable
exlent the various possibalities for management, Physio-
graphic and climate chiracteristies as well as land use and
conditions are significant factors in arcas where waler is
seiree und land is plentiful, The day msy not be oo fur
aff in our water short sreas when water supplies may need
ta be eonsidered as the “Master Resource” to which other
elements of the coonomy will be adupted and physically
arranged in suzh o way as to provide the most efficient use
af the limited water by society as a unit. This then becomes
i public management problem. 1t may require some kind
al public authority and planning based on Faetoal data and
ecomomic Tarsighledness,

These are only o few of the highlights of research
needs and other practical needs and how they may affect
the future use of witer. 1 have mentioned research for {he
development of lechnolapy and research necessary for
better planning and public management. In addition to
asie research we must be concerned witls the reduction of
this information to practice. This is where [ think the
watershed program of the State can make s greatest
comtribution, We seem 1o have gained the idea that only
rescarch studies of tangible physicad variables is scientific.
We discount as unworthy of intellectual investigation the
great problems which require o broad but more indirect
approach based on ereative induction from case histories,
or which deal with the less measurable facts of economics,
social considerations and politics,

These are just a few ol the major clements ol water-
shed planning concerned primarily with the physical rela-
lionships of waler resoarces. We have made substantial
progress but there is urgent need to accelerate greatly our
current rule of propress i we are 10 meet the spiraling
needs for water,

We must rethink on the busis of fundamental prin-
ciples the various causes of waler demand and set about
on a much expanded program of resewrch and applied
technology 1o reduce the umeunt of water required for o
piven product, activity, or use of water, It is only if we go
back to the basic prineiples we will make sipnificant pro-
gress. We must no longer have watershed management and
researcly programs considered os o part of agriculiure or
inckustein] production but rather a5 a natural resource
deserving separate and special treatment for its own sake,
As long as it is a heaneh of such hendings as agriculiure,
industry, municipal, recreation or hydropower, we will
never lave the Tunds to pive sdegquate study to waler as u
natural resource and waler demand in particular,

i Classifeing Southwestern Wateeshods on the Baxiz of Waser
Yields, H. €. Fletcher and L. R Rivh, fowenal of Forostry,
Muarel TO35, F 196,

20 UL K Senate Selver Commiltee o Nationgl Weatee Resourcey
Hegort, Sewate Report Moo 29, 87 Cosgress, Taf Sessfon T901,
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Arizona’s Paper Industry
As Related To Watershed Management

by EDWARD P. EMDERS
Inclustrial Director Arizona Development Board

When | was notilied, last July, that T owas toomlk on
a subject on which [ owas definitely not an expert, on a
subjest thut even the experts admit they will not kpow
too much about undi] after experiments covering o period
of X number of years — to be given on g program made up
of experts Podecided thit 1 would not attempt o bes
come a forester or a hydrologist in this short period of
preparation time, Bl 1 owould Hike o sy o few words
aboui how the Watershed Program and the paper industry
affects |l’w economy af the State of Arizona and the pro-
pram of the Arizong Development Board.

The Watershed Program in Arizona was initinted in
156, The Avizona lJ‘L_’V*«,IUPUEL:I?I[ Bogrd was created by
the State Legislature in 1954, The function of the Waler.
shed Program is w conserve and to obtain the Tublest
utilization of water for Arizons, The function of fhe
Arzona Bevelopment Board is o promete industey and
industrial development dn Arvizons and 1o promote and
encourage tourism, recreation and travel in the Stute of
Arizona,

The paper industry & one of Arizona’s largest ine
dustries and its lareest new industey, It s vitally aflected
by water, The Adizonn image throughout the Bast and
Middle West is one of desert and cactus, Each vear the
Development Board puts on o display and participates in
travel shows n places such as New York, Milwaukes,
Minmeapolis, Dallas, Los Angeles, and San Pranciseo.
When we show our publications, such as “Water Sports
i Arizona” and “Avizona Has Trees™, mest pecple are
dumblounded. They have the siune reaction gs they would
had we told them that the largest industry in Detroit,
Michisan, was the manufaciure of bugey whips,

Touriam has increased in Arizona fmm SO0, 000
in 1946 to 5320,000,000 in 1961, By 1972 we expect the
figure to reach 81 billion, | can’t give mu exact propor-
tionate figures bul | believe that the Largwl EmCTease i our
tourist and recreation participation is in the areas affected
hy water and water sports. Water skiing, boating, and
fishing are becoming more and more prevalent in Artzona,
as in the rest of the country, with the increased keisure time
of retired people and production workers.

In making # cursory analysis of Arizoni’s industrial
potential and its resources, we found that one of the larpest
single resourees, our stund ol ponderosa pine, a part of the
Idrgfat single stand in the world, was very much under-
wtilized, This wasn't o resource such us fron or copper ore
that would stay in the ground vnaffected and having no
affect upon the water economy in this state. This wus 3
resovrce that, by neglect, not nnik, bost ar delayed econvmic
value to the state, but contributed to the intelligent use and
preservation of s fulure value by such wilization. The
method of this vdlization 3 so mportant that o is the
concern of ull brunches of the government. The Depart-

penl of Agrieuliure, through its National Forest program
and experiment stations, a5 well as state governments and
G ogreat many universities, are constantly copcerned with
the selecte i cutting and thinning of our forest gres so that
these timber lands will sustain themselves, both from a
cotservation aml an coonomie standpoint, A pood portion
of this program i devoted 1o water and watershed pro-
RS

Paper making and pulping & relatively new in the
Soutlwest so we dns not have any actual test of iy affect
o water vield or on sedimentation, This vield may later
be determined on the Beaver Creek watersheds,

In Arizong the land manager’s job is o muximize
water vield, Tests shosw that theee fourths or more of e
water yield comes during winter and spring as the result
of seepape ratber thay surfsce fow.  So muanagement
is aimed at getting water into the ground, Water in ﬂze
soll mantle pereolates downward due 1o gravity and s
pudled wpward and lost through evaporation and transpir
ation. Many tests, such as Cowetta, Wagon Wheel Gap,
Workman  Creek, show  that redoction in vepgetation
mereases stream flow, This increase may be as overland
How or as seepupe Dow, depending on 1&::p§:gr;mhy HE
precipitation pattern. We might, then, speculate  that
redmced Torest cover will result in mgmzwz water yield,
but the amount of forest reduction acguired for maximum
watler vield is something that we hope te know more about
i few vears Trom now, A major influence on a Watershed
Program us alfected by g logping operation, is the con-
straction of ronds, osually one o four miles per section,
O the other hand, we must remember that vacuwms are
seldom tolerated in noture, Thus, when an opening is mide
in @ stand of timber, nature mlmll!' will fill the vacant arca
with arother plant

Pulpwood harvest, iy conjunction with regalar timber
harvest, would reduce stand density, This, in turn, may
reduce interception loss, especially from soow, aned also
wontld be conducive to greater snow accumulation. The
rate of snow melt should be more rapid amd result in higher
runofl peaks from spring snow melt, Pulping may eventual-
by pet ot beferdor Kinds of dmber, such as white fir,
Engelmuann sproce and aspen, However, the stand density
redhuction reguired 1o reduce soil moisture deposit in
Acrizoma, s s6ll not o well known at present,

As | mentioned before, we have the Jargest stand of
virgin ponderosa pine in the world in Arizona. Prior to the
comstruction of a paper mill at Snowflake by the Southwest
Farest Indastries, Inc., 80 percent of owr wtilized forest
crop was leaving the state in the form of raw lumber and
dimension stock. This left 200 percent of this resource
renprfactured in the Stale of Arizona, Taxes, payeoll,
and value added by manufacturing on this 20 pereent was
a poor ratie e show for o resource this preat, With the
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addition of a paper industry 1o the economy of Arizona,
this wvast Torest area of more than 3 million acres, the
kargest timber sale in the history of the U.S, Forest Service
outside of Alaska, is now the sound basis on which the
Snowllake Mill is built, This contract allows a cutling of
300 thousand cords per year for 30 years, Cultings are
premarked on [LO0G,000 acres of United Stdes Forest
Service forests. In Arizona, expectation is that pulpwood
cutting will average two cords per pere,

o S

In harvesting pulpwood for the paper industry, we
raust realizz the economic impact on the area, such as new
people, new homes, the needs of these people and their
rezreational needs.

A pulp market assures us that we can commercially
cut teees 6 nches in diameter, breast high, This means that
we can harvest the entire stand al this size {some sites can
only grow small diameter trees because of the poor condi-
tion of soil} or we can utilize a portion of the timber stand
when it reaches this size. This gives us the opportunity to
redue the density of tree cover, commercially about 40 to
6 years sooner than if we had only a sawtimber market,
We  have, then, much more fAexibility in manapement.

The basal area of a treg is the cross-sectional area of
the sten at 4.5 feed above the ground. In the United Stales,
basal area customarily is caleulated in square feet from the
diameter outside bark. In young fully-stocked stands, basal
area increases rapidly, but it Jevels off as the stands
mature and usually does not increase in later years. This s,
then, an umnsnaged stand, Consequently, total basal aren
of the trees on a forest unit often 15 used as a measure of
stpcking,

In order to allow Tor better growth on the best trees,
we are reducing overdense stands as moch as 30 pereent
in basol area, This has the effect of opening up the Torest
floor for vegetation, allowing water to fall to the forest
floor that would hove previously been intercepted by the
canapy and lost to evaporation.

When a stand of trees of pulpwood size is thinned its
recreationu] value 15 incrensed, After thinning, trees are
left well spaced and provide an enjoyable forest environ-
ment,

Southwest Forest Industries, itself, has 82,000 acres
of forest checker-boarded with the government forests and
a small amount of stute forests lying mostly southwest of
Flazstall. There are three national forests which are under
the 115, Forest Service control and the White Mountain
Indian Reservation of the Apaches, all of which will be
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drawn upon, These forests in the highlands of Arizona,
which run gradually southeastward, include trees that are
generally 150 to 160 years old, This is considered the age
of full maturity; and there are many that are older and
overmature. These provide sawmill chips, which are util-
ized in the Spowllake Mill. Ponderosa pine will furnish at
least 85 percent of the pulp for the Snowfluke Mill. Tests
made at the 1.8, Forest Products Lab in Madison, Wiscon-
sin, showed u natural pulp brightness of 61 to 621 for
ponderosa pine news trials,

The Kraft pulp made from ponderosa pine has high
mullen, good printability and good tear, This is pechaps
the fiest time in this country that such a high percentage of
ponderosa pine will be used.

Contract haulers have been supplying 75 percent of
the sawlogs to the Southwest Mills for many years and this
is the way most of the pulpwood comes in. The rest is
logged by Southwest's own crews. At Snowflake, about
two thirds of the 145,000 units of chips required will be
produced in the compuny’s two sawmills, The rest will
eome from pulpwood or other sawmills in the area.

The Snowlluke Paper Mill is the only puper mill in
the country that is not located on a river or a tidewater.
The mill stands above a reservoir of saturated Coconino
sandstone, 60 miles wide, 140 miles long, and 400 feet
thick, This mill is assured of 30 million gallons a day for
at least 100 years,

Three factors: distance of the well field from the mill,
pumping costs, and the need for conservation, prompted a
thorough investigation of water use in an effort to reduce
to a minimum, the fresh water requirements of the mill,
Considertion was divected toward affecting water econ-
omics that would be considered unusually low for conven-
tiomal mills, The Snowflake plant is unigue in the muny
ways water is saved and reused.

In evaluating Arizona's paper industry as related to
Watershed Munagement and 1o the economy of the State
af Arizona, | think we must conclude that we now have an
industry in Arizona that at one time was considered
unfeasible. 1 think the facts will show that selective and
scientific utilization of aur forest crop will Tacilitate growth
and will facilitate a more qualitative crop. | believe the
paper industry will greatly facilitate the studies of the
forester and the Watershed personnel in experimentation
in water utilization und will provide for more conclusive
findings. The part the paper industry plays in this program
is important in that it provides a market for trees that
need o be removed o bring over-popilated stands down
to optimum stocking, While the paper industry is playing
an integral part in the Watershed Program, it is employing
more than 800 people with an investment of $40,000,000
and has contributed a major basic industry to Arizona and
to the Southwest,

1 mentioned, before, that Arizona was weak on wood
remanufacturing. In addition 1o busic Kralt and newsprint,
the Spowflake Mill is producing paper bags with a cap-
ability of 800 tons per month; and is producing mulch as
a soil conditioner. The rennufacturing of containers and
other products are located at Glendale, Arizona as well as
Los Angeles and Chicago.

The paper industry is one of the most dynamic,
versatile and progressive industries that exist today. The
paper industry was built on research, The paper industry
is in landlocked Arizona through research.

I am sure that intelligent use of our water and timber
resources will compliment one another for a growing
Arizona CCOney,
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Thinning Ponderosa Pine

by FRED H. KENNEDY,
Regional Forester U.5. Forest Service

Timber stund improvement is an investment in the
future. Blackjack poles that are pruned today will produce
tap gquality lumber, or perhaps plywood, when they reach
harvestable size. Seedling and sapling stands, properly
thinned, will produce pulpwood within a few years; without
thinning, none of us might see some of the more dense
young stunds produce mercantuble products within our
lifetimes. There are “fringe” benefits to thinning, which
to many people are as important as those which affect the
timber. T will mention these briefly alter we take a look at
what has been done in the past, and what lies shead of us
in improving the timber stunds of the National Forests in
Arizona.
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Virtuadly olt of the timber stand improvement work
done on the Natioou] Forests in Arizona has been accomp-
Jishied in two distinet periods, The frst lirge-scale program
came during the duys of the CCC .. between 1933 und
1941, After World War 11, timber stand inmprovement
work was resumead on the MNational Forests as part of
timber sale reccipts were allocated for cultural work on
the areas from which timber was cut under the Knudsen
Vandenberg Act. This "K-¥V" work is continuing, but it
fluctuates rather dircctly with the volume of timber cut,
During the past few wears, appropriaied funds have been
availuble for timber stund  pnprovement, amd this has
enabled us to step up the program measurably, Despite the
fuet that we have been working on this program during a
30-year period, making substantial progress, there is still
a lot of work that ressains to be done, I the President’s
“Development Program for the National Forests™ is fully
implemented, we will cover more ground in the nest ten
years than we did in the past thirly years,

Dring CCC days, the Forest Service did about as
much thinning as pruning; about 32,000 acres were treated
by each operation. Many of the same acres that were

covered in the pruning operation were also thinned, This
thinning was primarily a “release” thinning, aimed at pro-
viding growing room for the crop trees which were pruned,
In most cases, we did not pet into seedling-sapling stands.
There was no foreseeable market for products like pulp-
wood, so there was little economic justification for treating
these stands of small trees. Geperally, we fuiled to thin
heavily enough in the pole stands, and in some cases more
trees were pruned than could be expected to reach sawlog
size.
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The CCC work was pood, as far us il went, and we
have realized concrete benefits from it. Too, we have
learned from it a ot of Facts which are enabling us to do a
better job today.

In the postwar period, especially during the first ten
years, our timber stand inprovement work was directed
very heavily toward pruning to improve the quality of
potentinl sawtimber, Over 335,000 acres were covered by
prusing operations in Arizona since 1947, Release thinning
was done to some extent, increasing in recent years, but
pruning was dominant. Thinning totaled slightly under
92,000 acres in Arizona during this period. This approach
was based on available rescarch theory furnished by
experts in pondeross pine management.

This approach has been rather dramatically reversed
in the past few years, For example in fiscal year 1962, we
conducted uniform thinning operations on more than
14,000 acres in Arizona, while pruning was done ol
glightly less than 4,500 acres.
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Some 28,000 acres have been covered by plupwood
cutting since Southwest Forest Industries bepgan operations.
This market for pulpwood was a major stimulus in re-
orienting our TSI program toward thinning. 1t coineided
with some rather deep re-examination of our ponderosa
pine silviculture in the Southwest, Ira Mason, Director of
the Division of Timber Management in the Chief Forester's
Office, summarized this in & report of an inspection in
1960;

“A lot of concern about overdense stocking of sap-
lings and poles has been expressed over the years but very
little has been done about it [naction in part has been due
to the feeling that in due course dominance will be asserted
by a suituble number of trees which will gradually progress
to normal growth rates. Hence thinning from below has
been presumed to be of litde significance. Assertion of
crown dominance in crowded pole stands is readily observ-
able, but quite evidently crown dominance is not enough to
gain release. The numerous overtopped whips show an
amazing ability to stay alive and retard growth rates of the
dominants,

“1t is quite a shock to realize that after 41 years most
of the arcas stocked with the 1919 regeneration class are
not yet ready for a pulpwood cut. This condition decisively
demonstrates that in the Southwest, thinning of overdense
poles from below is significant and essential. Without
thinning we must put up with intolerably long periods in
ulvhich stands will hang back in less than commercial size
classes,

We are not going to pul up with the situation thus
described if we can help it. We are prepared to apply
intensive cultural treatment to more than a half-million
acres of ponderosn pine timber land in the next ten years,
Maost of this should be in the form of uniform thinning.

This treatment will be applied on the basis of site
index, or the productive polential of the site expressed in
terms of the height attained by a tree in a 100-year period.
O sites with high productive potentials, stocking would
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be reduced less than on sites of Jow potential. At present,
it is planned for stands of awerge potential to be cut back
to about 80 square feet of basal area per ucre.

“Basal aren” is only one of severn] measures that can
be used to express the density of a stand, but we find it the
miost useful one. Bt simply means the total cross-sectional
ares of all the trees on a given acre, measured at breast
height., Even o relatively large hasal area per aere actually
represents a very small portion of the total land area
£43,5008 5. ) in an acre,

Benefits of thinning are in many cuses measurable,
One of the most imporiant of these is casy to demonstrate.
Carelul thinning shortens the ratation. That is, it material-
Iy rechuces the span of years required for o timber stand to
achicve harvestable size.

As an example, let’s assume we have a newly re-
generuted stand on a site of average productive potential,
Natural regeneration would result, say, in | 1400 stems.
Left to its pwn devices, this stand would probably require
as miuch as 250 years to reach the end of a natural rotation,
where most of the trees were of merchantable (sawlog)
size and declining in their over maturity, The rotation of
course he shortened by periodic light selection cuts of saw-
jogs, Under this system, we have been working with o
rotation of about 160 years in the Southwest.

Dieamatic increase in grawth after thisning is illusirated by this
section of o pomberosa ping pole thinned i 1954, col in 1962,

If we introduge a precommercial thinning, plus two
or three pulpwood thinnings, the length of time required
to grow the sawlog trees 1o their calmination of growth
can be reduced to only 120 years. In this shorter (by 40
years) period, the same amount of sawtimber in produced,
but in addition, substantial amounts of pulpwood have also
been harvested and put o pood economic use,

A chart, published by Guines and Kotok, in Tiinning
Ponderasa Pine in the Soutiowest In 1954, illustrates
roughly how this might work. Mumbers of trees, average
dinmeters, hasal area, volumes cut — all would vary, de-
pending upon how good the site. Here, 8O syuure feet of
basal area is used as the residunl after-thinning level.

This chart does ilfustrate how the stand grows up
beyond what may be considered optimum density, then 15
periodieally reduced 1o a predetermined level and allowed
to prow more rapidly until another cut is made in approx-
imately 20 vears.
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Thinning, then, puts the growth potential of a site on
fewer stems — where it can be used — rather than dissi-
pating it on many stems which take excessively long to
reach useful sizes. But this is not the only result of thin-
ning. The quality of products is improved; a shorter rota-
tion means less exposure lime to insects, disease and
natwral hazards. In thinning, diseased and insect-infested
trees are selected for removal, leaving those which are
healthy and vigorous in their resistance to attack. Thinning
offers some hope for sobving part of the dwarf-mistletoe
problem that has caused us increasing concern over the
yRirs,

Some silviculturists feel there is a genetic advantage
tr thinning; if the parent trees have desirable character-
istics, there is o hetter chanee that the young trees will also
have pood qualities,

It might be theoretically desirable, from u strictly
silvicultural standpoint, to thin so that each element of the
site — water, Hght, soil fertility and growing space wo
would be fully utilized in the growth of wood fiber on
trees. This isn't possible because the site elements are
seldom, if ever, present in the precise ratio required by the
trees. 1t isn't practical, because thinning must be limited to
once ¢ich 20 yeurs or so, The stand is o be o Jower level
of basal area than will fully use the site, and it exceeds the
point of optimum growth before it is thinned again. The
point here is this: thinned stands leave room on the site
for production of other resources,

Water yields from thinned areas are being measured
at Beaver Creek, and some preliminary indications of
effects should be Fortheoming within the near future,

There are already strong indications that thinning of
the type we are doing will increase forage yields.

Thinning pondeross pine produces increased forage,
as proved by Forest Service research conducted in the
Black Hills National Forest in South Dakota. Studies show-
ed a very strong relationship between increasing forape
(including browse)  production with decreasing timber
stand density. There are indications from studies on the
Beaver Creek Watershed Pilot Project that we are petting
the same peneral trend of results From our thinning work
here in Arizona.

A study watershed thinned in 1956 and 1957 pro-
duced about twice as much perennial grass as did untreated
pine stunds Tour years after treatment, In 1960, 127
pounds per acre of air dry forage was produced under a
stund thinned to approximately B0 square Feet basal area,
while the average of untreated pine stands was only 64
pounds, The following year, with more rainfall, production
was 251 pounds and 117 pounds respectively, These re-
sults are not conclusive, but they do indicate that there is
a difference. A more comprehensive study of the effects
of stand density is getting under way on the Coconino
Nationul Forest in the Wild Bill area. Seven pastures are
being set up; one will be untreated, 4 will be thinned to
80, 60, 4, and 20 square feet basal area respectively, and
two will be cleared of all trees. One of the latter will
Be seeded to prass and legumes, the other left without
seeding. These pastures will be grazed, giving us a practical
measurement of results in terms of beef production as well
as forage production.

Wildlife, too, benefits from thinning, Besides increas-
ed production of forage {browse), open stands facilitate
movement of wildlife (as well as livestock). More open
stunds make harvesting of the wildlife crop easier. In
connection with pulpwood cuts and precommercial thin-
ning, Vinvader” trees are being cut from natural meadows
and parks 1o maintain essemtinl openings for pame and
domestic animals,
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Thinning will ultimately sisaplify the job of fire con-
trof, once imitial slash accumulations have beoken down,
“Poghair” thickets present g Tormidable fre hazard, Re-
duced in density, these stands will be less likely to support
sweeping crown fires. In the first few years following thin-
ping, these wifl be accumulations of highly inflammahle
flashy fuels on the ground. These present us with a slightly
different, if not more dangerous, fire conteol job than we
have when this material is on green irees, We have a
formiduble Hre controd job on arcas supporting these stands
whether thinning is done or not. However, once the rela-
tively fght, small matedial breaks down, {which is does
rupidly, compared to heavy fuels left by sawlog oper-
ations), our five control job will ultimately be easier than
it was before thinning.

As in sawtimber harvesting, we are doing some slash
digposal work following thinning to break up concentra-
tons and to provide positive, immediate protection 1o
high-value areas.

As indicated by this discussion of Tire hazard, there
are problems inherent in conducting large-scale thinning
operations, A potential one i3 insect infestation. For
example, bark beetles can build up rapidly in slash, spread-
ing to green trees when green slash is no longer available.
Mo mujor insect problems have developed as yet, but we
feet that we must be alert to the ever-present danger.

Another problem, if you want 1o call it that, is this:
thinming costs maoney, Precommercial thinning, including
additional work required after pulp is harvested, is costing
aghout 520,00 an acre. On a larger scale, there may be
opportunitics o reduce unit costs, but we are constantly
faced with rising costs of lubor and equipment while en-
deavoring to do a better joly on the ground.

An important key to success in thinning is the super-
vision given the work. Specially trained men are doing the
work of selecting trees for pulp harvest, and experienced
professional foresters prepare prescriptions for conducting
precommerciad thinning, These men train and inspeet the
work of crews doing the actual thinning, for mistakes made
al this point wre deeades in the correcting,

The old-fashioned axe is still used in precommercial
thinning, but it is being rapidly replaced by motorized saws.
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Circular saws are well adapted and are highly effective on
small stems, For larger stems, the power bow-saw is the
best dool we have tried o date) i 05 used by g bwo-man
tean, one member of which uses o pusher stick 1o prevent
binding and puide the fall of the tree.

We are still seeking muchinery that will help us do a
miore econamical job withoul suerificing oy quality in tree
sefection, In extensive, rather uniform young stands, we see
possibilitics [or using some Lype of heavy sguipment to cut,
flait or plow swaths through the stand in a grid or strip
pattern, Fhis would have 1o be fofllowed up by handwork
or light machinery {saws) to thin the squares or strips lelt
by the heavy equipment. Several machines show promise,
but to duie, we haven't found anything that will give us
lower costs than an efficient crew vsing saws and axes.

Continued refinement of our silviculiural guides and
mndtiple use prescriptions will lmve high priovity as we po
ahead with thinning on an increased scale.

I may have given the impression that the work ac-
complished to date, plus the hulf-million ascres we need to
do in the next decade will pretty well wind up the thinning
job and we will go on o some other task, This isn't the
case; we'll he doing thinning probably as long as we are
manazing ponderosa pine. As each rotation comes 1o an
eind and s repenerated, we will have more opportunitics Lo
gain increased quality and growth by thinning.

This final thought T want to leave with you: thinning
is an essential sibvicultural practice, but it is more than
that, 11 is o muliiple use munagement practice, 1t benefits
other important resources as well as umber, As we learn
sore From rescarcl and Teom pilot prajects like Beaver
Creek, | am sure we will {ind opportunities to modify
rinning guides and practices for some sites on some areas
10 provide added benelits to other resources as demand and
wise management dictate,

Thinning is nol the answer 10 @l of our problems, but
the program now under way is soundly based, and it is
one of the mujor steps the Forest Service is taking in the
Southwest to intensify management under the mukltiple use
principle.
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Hydrologic Models of
Ground-Water Movements

by H. E. SKIBITIKE,
Research Mathematician
Water Resources Division, U5 Goelogical Survey

The Water Resources Division of the UL 8. Geologiend
Survey has developed a diversified interest in computer
technigues, These technigues extend from the use of digital
commputers to the use of sophisticnted analog compuler
equipment. Fhe digital technigues are applied over o range
of problems extending from aceounting 1o the hundling of
surface - waler stream - gaging records, To expedite and
eeonomize on data bundling the Water Resources Division
has a large-scale installation program of digital recording
mstruments, in the water-stage recorders of the Surface
Water Branch, The evaporation modification technigue
studies bave also required the meassuremend of several
factors causing evaporation from water surface. Most of
this instrumentation has been of a digital natare.

The equipment that collects and processes digital
ipformation alows dita 1o be handled more efficiently and
with less manpower. This s not the only purpose in apply-
ine analog wehnigues o the Division, Aralog technigues
have allowed solution of many problems that engineers
would be unable to cope with, The computer work can be
separated into two principal fields; the development of
ground-water computer techniques and the development of
surface-water computer technigues,

The computer techniques applied to ground-waler
prablems are most often of an electronic nature. Ground-
witer fevels are controfled by capillarity to a certain degree,
The effects of capillarity make the construction and opee-
ation of Iydraulic models quite difficult in answering
problems involving ground-water head, By head is meant
the height to which water Jevel will rise in a well, The
water-level rise inoa well is genernlly the economic entity
in which the community is especially interested. Because
this is true the prediction of 1he change in wider Jevels is a
fuctor that is generally of most interest to the community
with reference to its ground-water development, In nature
the several-foot or more capillary rise that occurs in an
aquifer is insignificant in analyzing engineering problems,
but in small-scale laboratory experiments several feet of
rise caused by capillarity would vitinte the hydraulic model
results, Thus the use of electrical networks to analyze
ground-water flow problems has proven particularly useful,
In the Phoenix Rescarch Office the Water Resources
Division has established a laboratory to construct electronic
computer models for solving ground-water problems for
any of the Division district offices throughout the United
States, Figure 1 shows one of the eleetric annlog models
of a ground-water aguifer. In figure 2, a technician 15
shown checking out the analyzer equipment used 1o simu-
late removal or addition of water in the aguifer and to
determine the resulting changes in water levels,

In addition to studying problems involving ground-
water head or potential extensive studies have been launche

The analyzer of an electric analog computer.
ed regarding the dispersion of dissolved components in

round-water systems, An experiment of this type is shown
in figure 3. This is 0 substantially different problem from
those concerning hend or potential, so that hydraulic
models can be effectively used in the laboratory. Several
hundred experiments on models already constructed illus-
trate principles of pround-water flow with reference to the
dispersion of dissolved components, These experiments are
being described for publication in reports by the Water
Resources Division,
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FIGURE 3. Hydrologie laboratory model of borizontal lavers
above the water fakde.

The hydrawdic models Hustrating dispersion provide
results having immediate practical application in engineer-
ing anadysis of the effects of comtamination of ground-water
systems. The models are operated with tracer-tagged Auid
that moves at rates proportional to the rates that will oceur
in the field-scale project. The model scales are chosen so
thit time and physical dimensions wre suitably proportional
1o the actual ground-water system, An experiment of this
type s shown in figure 4 and the results are shown in
figure 5,

.

FIGURE 4. Hydrologic laboratory model of ground-wisier form-
wlion,

The development of surface-water computer tech-
niques in Phoenix has followed two lines. One approach is
the development of computer methods necessary lo caleu-
late the surface-water outflow from an arca in response 1o
a given inpul of rain. The mathematical techniques for
aceamplishing this are familiarly known by the eem “unit
hydrograph analysis”. The simplifications and idealizations
thut necessarily Tinit the mathematical analysis are not
necessary and therefore do not similarly Himit the electronic
computer technigues being developed, At the present time
equipment for computing the amounts of outflow due to an
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FIGLRE 3. Graph showing replacement of original ligeid in the
model shown in Tigure 4.

input of rin are capable of taking into account the fand
surface area, slope, evaporation, and other factors that
represent environmental controls on surface-water flow,

b addition o determining Tactors used in the unit
hydrograph forms of apalysis electronic computers are
being applied tw the development of Tunctional relation.
ships pertaining too reservoirs used for flood control or
water storage, These roservoirs have storage Tluctuations
that depend upon the random Tuctuations of rainfall, In
# sense these are not predictable; however, in the sense of
lomg-lerme averages there are Tunclionul relationships that
may be determined by electronic computing methods. As
an example, technigues have been developed for deter-
mining the cyclic occurrence of floods or of minimum
flows, aod their reflections or responses in the reservoir
systems can then be predicted.

The problem of determining the relationship between
canse and effeer, invalving some hyidraolic parameter, can
be handled in the computer laboratory, Usually this re-
guires the development of 4 technigue Jfor initialing
disturbunces analogous e those Tound in nature, For
ground-water systems the initiating influence reflects the
activity of man, Thus the community decides where and
how it proposes 1o pump ground water. The consequence
of this pumping, in terms of the distribution of deawdown
throughout the aguifer, can then be made by the r;r.amiauter‘
Since the drawdown relationship affects any new well and
the depth=to-water level below the conumunity, it is desir-
able to predict abead of actual construetion the conse-
guences  of  alternative  choices for new  water-supply
developments. The choices usoally involve guantity of
witer toe be pumped and position of the wells, Qrdinarily
decisions can be made from geologic information. How-
ever, in dhe last Tew yeurs the interrelated effects of com-
munity economic and sociologic factors have rendered the
decisions more complex. Man's freedom of choice is now
limited partly by the complex Feedback of economic and
sociologic factors, A certain degree of randomness can
also be added. These particalur developments are for
application to ground-water computers. Hopefully some of
the Tactors thd will affect water-supply development in
the next fifty or sixty years can be analyveed. And the
amitlysin i always most comvemently presented in terms of
the effect of water-level changes in time.
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The surface-water computers require input functions
that are most often not chosen by man alone, The choice
15 usually dictated by natore, and modified somewhat by
tse activities of man. These are diffienlt functions to derive
for computer use, The random effects of rainfall, which
becomes the driving factor involved in surface-water run-
off, are not as simple as it might appear. The rainfall
sipnificant to surface-water runolfl is not caleulable from
weather phenomena alone, Usually the factor that causes
runoff is only that portion of the weather that causes in-
tense rainlull to oceur, 1t is therefore pecessary 1o deter-
mine what part of the regional weather phenomena would
resualt in intense rainfull, Purthermore the rainfall s
localized by the effects of changes in topography or surface
conditions, such as heating. Therefore, there is a spatial
relationship highly dependent upon the environment itself
that controls the wmount of rain and particularly the
amourd of intense rain that would Fall on a particalar

atershed area,

It is necessary, therefore, to develop a technique for
messuring the factors causing rainfall 10 oceur. A direct
application of these measurements could then be made to
an analysis of the observed runoff in streams, Measure-
ment of these characteristics in the past has required
mstaliation of u large number of gaging stations, In arid
regions this would reqguire such an extensive network that
the expense of operuling the gaging stations would not be
feasible. Accordingly more modern technigues have been
devised. Radar is being developed by the Phoenix Rescarch
Office for determining the inpul function to a computer
that would predict runoff several hours ahead of its occur-
rence, bused on data concerning ontecedent rainfull, "This
would allow scheduling or planning for the effects of flood

crests. Mare important, this type of study will aid the
engineer 1o analyze the type of rainfall that has produced
the unit hydrograph.

After the previously described goals are achieved it
will be desicable to construct electronic simulation and
prediction devices. In essense this would meuan artificially
portraying on an oscilloscope screen, in a few seconds time,
events that might represent a thousand years of rainfall
aeross a watershed aren, This deviee should contain the
local fuctors of topography and land-surface conditions.
These effects coupled with the observed randomness of the
cyelic variations in rainfall could be put into the clectronic
instrument. The output then would be fupctions or pulses
analopous to the heavy rainfall that would cause runoff,
These pulses would be used as the driving functions for
computer linkiges that would in turn prediet the resulting
stream{lows, Thus an electronic analysis made over several
seconds of time, simulating perbaps a thousand - year
record, foretells what to expect in the occurence of flood
erests and variations in the normal steeam How in an area,
This would be the ultimate goal in surface-water studies.

The research necessary to determine what factors
locally cause the heaviest rainfall to occur, and what
portion of the weather phenomena is significant to the
heavy rainfall factor, must be expended. Research in Phoe-
nix will continue on the development of techniques for
predicting runoff when the input functions are known, as
well s devices for Turnishing realistic input functions. The
ultimate objective in research is to establish for man and
his environment the relationship between cause and effect
insafiur as this concerns hydrologic changes thit have been
and will be observed.
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Possibilities For Future Water-Resources
Development At Fort Huachuca,
Arizona

5. G. BROWN 2)

Fort Huachuea, the US. Army Electronic Proving
Ground, is in Cochise County in the southeast part of
Avrizona about T8 miles north of the International Bound-
ary on the left bank of the San Pedro River—a northward-
flowing tributary of the Gila River. The area covered in
the study extends eastward from the crest of the Huachuca
Mountains to the San Pedro River and southward from the
Sun lgnacio del Babocomari land grant to an cast-west
line through Hereford, about 7 miles north of the Inter-
national Boundary (fig. 1), The main part of the Post is
at an altitude of about 5,000 feet. The average annual
precipitation o1 the Post s about 16.5 inches, buat it is
estimated that it may be as high as 25 inches near the
crest of the Huschues Mountains,

When the Post was first established in the lute nine-
teenth century, water was one of the deciding factors in
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locating it at the mouth of Huachuca Canyon where springs
oceur. As the Post prew the spring flow Trom Hueachues
Canyon was insufficient, and it was necessary 1o obtain
additional water from the large springs in Gurden Canyon
=Cilled Tanner Canyon™ on some old maps, The springs
proved inadequate to supply the Post, and before Waorld
War II the first well was drilled near the East Gate
entrance, near what is now Sierra Vista,

Because of the mobilization and growth of the Army
before and during World War 11, the U.S. Geological
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Survey was asked 1o aid in locating and developing ade-
quate ground-water supplics for the expanding installation.
Five producing wells were drifled during this program,

In 1859 the Survey was asked again o study the
water resources of the Fort Huachuca Military Reserva-
ton, in order o determine where and how additonn] water
could be obtained for the Post supply when it is needed.

An inventory of all existing wells in the project arca
wars mde, The existing statewide ohservition-well nistwork
was expanded to more completely delineate the water table
amed to better define arcas ol recharge and discharge and
the direction of ground-water movement. Well-production
datee were obtained from drillers, private well owners, and
public agencies. Although many springs near the military
reservation were visited, the magor effort of gathering
spring and streamflow data was expended on the military
reservation. A stream-gaging station was constructed near
e mowth of Garden Canyon Creek in October 1959, and
the flows of the major springs  in Garden and Huachuca
Canyons have been measured regularly since that date,
In November 1961, a gaging station was constructed in
Huachuca Cunyon, Water-level recorders were installed
on three wells on the reservation, Two of these were near
the Post well field and were of value in determining and
extrapoluting the elfects of pumping, Pumpape data Tor
the Post well field were collected from the records of the
Post Engineer, and aqguiler tesls were conducted, Geologie
data are being compiled and a final report is being pre-
pared,

O aned near the Forl Hunchca Military Reservation
ground water oceurs in the fault-zone springs in the hard
rock of the mountains, and in the alluvivm that fills the
villey of the San Pedro River,

The source of the springs in the Huachoca Mountaing
is runaff from precipitation and snowmell intercepted by
the more porous joints and fault zones. These zones quickly
trapsmil water to the springs.

The source of the ground water in the valley alluvium
i runedl along the mountain fronts and the upper reaches
of washes where they debouch from the mountain canyons
ante the vabley slopes, Surluce flow seldom exlends from
the moudain fronts o the San Pedro River, except during
perieds of bricl but toreentinl precipitation in the sum-
mer. Most of the surface flow that emerges from the
canyons is lost e evapotranspiraticnethut is, evaporation
from surface water or from shallow ground water and
consumptive use by plants. A very small amount of water
enters the soil and continues downward to the ground-
water reservolr. Then, as ground water, it moves down the
hydraulic geadient and eventually reaches the San Pedro
River. Much of the ground water beneath the flood plain
of the San Pedro River is transpired by bottom-land vege-
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tation or is lost by direct evaporation from the shallow
water lable. Some water also is foreed to the surface by
rock cropping ont in the channel and is measured as
Charleston gaging station as part of the surface flow.

Figure | 15 a water-tuble contour map, eonstructed
fram depth-to-water measurements in 48 wells, showing
the shape of the water table near Fort Hauchuea for March
1961, The arrows show the direction of movement of the
ground water from the recharge area near the mouniain
fraont 1o the discharge area along the San Pedro River and
to the cone of depression around the Fort Huachuca-Sierra
Vista well lield, A prominent grovnd-water mound s
apparent along the mountain front at Garden Canyon. The
arcows indicating the direction of llow show that Carden
Canyon Creek and its associated underflow  contribute
recharge 1o the Fort Huachuea-Sierra Vista area. In brief,
the water-lable muap for March 1961 shows that ground
waler is recharged 1o the alluvivm along the east face of
the Muachuea Moundains amd moves down the hydraulic
gradient (o the San Pedro River where # is discharged
by evapotranspiration and by secpage to the flow of the
San Pedro River. An additional means of ground-water
discharge is by pumping from wells, In the Sierra Vista-
Fort Huachuca-East Gale aren, the cone of depression
cavsed by pumping is readily apparent.

The well fickd at Fort Hauchucea consists of six wells
capable of producing more than 5 mgd (million gallons
per day). This is more than sufficient to supply the present
needs of the Post. However, long-termy water-level data
showed that the water table was declining regionally at an
averape rale of about 0.3 fool per year with only minor
pumping for stock and domestic use. This small amount of
pumping certpinly is not enough to cause a regional de-
cling, indicating that recharge to the saturated zone Is
insufficient 10 maintuin the water table at a higher level
even under near natural conditions, Water levels in wells
in the Fort Huachuca-Sierra Vista well field were declining
at rates of about 3 feet per year, Increased pumpiz% al
Fort Huachuea and nearby Sierra Vista, Huachuea City,
and the surrounding housing developments will cause the
rate of decline o increase, However, the valley alluvium
provides u large storage reservoir from which water can be
obtained easily by wells in the quantities needed. The
amount of ground water in storage is large compared to
the natural recharge to the alluvium, but when ground
water is pumped out faster than il can be recharged it is
being mined and the nguifer i being depleted,

On the Fort Huachuea Military Reservation surface
water is derived from (1) storms runoff, (2} snowmelt run-
off b winter fime, and (3) discharge from springs into the
stream channels of Garden, Huachuea, and other canyons.

The discharge of Garden Canyon Creek has been
measured at the paging station near the mouth of the
canyon since October 1959, Measuremenis of spring dis-
charge have been made at least monthly at three places in
Huachuca Canyon and at four places in Garden Canyon.
Hydrographs of the daily average discharge of Garden
Canyon Creek and of spring discharge in Gurden and
Huachuea Canyons are shown on figure 2, as well as a
short hydrograph of runoff past the Huachuea Canyon
gaging station.

A mass curve of runoff measured past the Gurden
Canyon gaging station is shown on figure 3. At the end of
Tune 1962, 33 months after the installation of the station,
3 960 acre-Teet of water had Howed past the station - un
average of about 29.3 million gallons per month. Average
production from the Post well field from October 1959 to

June 1961 was 2.4 mgd, or about 72.0 million gallons per
month; production ranged from 104.2 o 43.7 million
rallons per month during this period.
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Dwering the period of record, flow past the gaging
station would huve supplied about four-tenths of the Post's
water, The uverape Post demand of 72 million gallons per
moath is met by production from six wells, Using the
wirer Trom Gurden Canyon Creek would have been equiv-
alent 1o having two additional wells. The water can flow
by pravity to the Post reservoir and from there through
the distribution mains for use, Pumping costs are elimi-
naded. Excess water can be allowed fo How to storage
underground in the Post well field where it would be
available to the wells when the vield of Garden Canyon
drops below Post demand, The shape of the cone of
depression and the alignment of the wells in the Post well
fickd would allow recovery of most of the recharged water,

Underflow in Huachuea and Garden Canyons could
provide a source of readily available water. In the early
Tufl of 1959, u larpe excovation was mucde in Huachuea
Canvon near a group of springs. Surface flow from these
springs was small. The excavation extended almost across
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the canyon floor and to an estimated depth of more than
25 feet. The excavation encountered pround water at
shallow depth and more than 200 gpm (gallons per min-
ute} was pumped from the excavation in an attempt fo
allow work to cantinue “in the dry.” No surface water was
ftowang in the canyon and precipitation had been light. By
means of @ suitable infileeation gatlery, this water could bhe
obtained at relatively small expense and conveved by
pravity directly e the Post reservoir, A similar ares in
Ciarden Canyon about a quarter of 2 mile above the gaging
station could be developed in the sime way.

Proper developmend in acoordance with the peologic
setting could increase the relinble yield of the springs in
Garden and Huachuen Canyons and provide water for use
on the Post. During periods of excess runoff these springs
would provide water to be recharged artificially to the
Post well ficld,
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Development of the spring system and the practice of
artificial recharge by the Arowy will be an important step
forward in a more economical and more efficient wse of
the water resources available. Municipalities similarly
situated and, before this, dependent upon a ground-water
mining opzration for their supplies, may be encouraged
twward o omore efficiend wse of food rumoff and winter
streamflow that otherswise would be lost.

Only a small part of the runoff is recharzed to the
saturated zone, and captariog flood flows and winter run-
off for recharge through pits or wells would avgment the
water supplies for many places in Arizona. At Fort
Hunchues, the mass curve (G, 30 showed that the amount
of water available from Garden Canyon Creek alone
world equal about 40 percent of the Post’s average de-
mand. An oextra 40 percent is worth anyone’s effort,
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Controlled Burning of Arizona Chaparral
A 1962 Progress Report

by A, W. Lindenmuth, Jr, and G. E. Glendening
Research Forosters2

Land managers must contreod Dre i intentiona] burn-
ing is to find a place as a recognized tool for managing
chaparral lands in Acizona, The burning pericd and fire
behavior must be in accord with o preconceived plan. This
progress report deseribes g test of o model for preseribed
fire in Avizona chaparral,

The first guestion 1o be answered was: “Can mixed
chapurral be treated o make iU burn at tmes when un-
treated brush resists burning. so that the fire can be cop-
fined 10 the designated area without special controls?”

i Ackeenelodgment by made to the Divisions of Fire Contrad,
State ard Frivate Foresiry, and the Yonto National Forest, Setih-
wesfern Regdon, 1. X, Farest Service, swho planned and cxvented
the bwrning pperarions; to e, 07, Lillie, U0 X dgricnliural
Reseaveh Seevice, Tempe, for afvive conceenfig the chiemiedd
aprayy il fo Jowes B, Davis, Flaperalf, and € P, Pase, Tempe,
staff ey of the Rocky Monrtain Forest and Rawpe Faperi-
ment Station for thelr conteibations e plenning the  chesiies!
freatiment aned evalvating the resalts of the werning,

2 Rocky Mowniin Forest and Roange Experiment Stafion,
Forese Svrvige, 1, 8, Departmpnt of Agvicuttuee, with venseal
hesdgrearrers Tovated gy Fart Colling, v cooperation with Colorade
Frate Cintversive, Me. Livdennonsh by lovated of Flagstaff, @ co-
aperation with Avizona Srte College: My, Glendening & locared
af Tempe, In cooperation with dArizona Srate University,

BASIC CONSIDERATIONS

Theoretically, one way to confine fire 1o a preselected
portion is to ereate a large difference in moisture content
between brush to be buened and brush 1o be Tefl unburned.
Spraying with chemicals to kill parts of plants and thus
lower their moisture condent s one method of creating o
moistare differential. I this chemical treatment and burn-
ing is carvied ot during periods of the vear when the
molsture content of brush is naturally high, a relatively
Jarpe moisture differential should result, This should make
it possible 10 burn treated brush at a time when untreated
brush resists burping,

An auxiliory question arose immediately: Assuming
this type of buening to be possible, can barning be done in
nurrow  strips o soil movement will nol be increased
greativ? Wild fires often result in serious erosion and larpe
quantities of sedimentt are dumped in streams. Burning in
narrow strips is one way 1o deerease the risk of aceederat-
ing soil movement. Any soil moving from burned strips
should be trapped by adjoining unburned strips,

A MODEL TEST

With these considerations in mind, a model, or ideal
ized exploratory test was designed. In this kind of test,
ideal values are assigned to Tactars expected o have an
important influence on the outcome. This improves the
chance of getting an affirmative answer. The assigned
vabues do not have 1o remain constant throughoot the tese,

H values closer 1o ideal are found, they can and should be
used, The objective is 1o pet a “yes"” or “no” answer to
the question asked, and aot w test speeific values, treats
ments, or procedures,

A study area consisting of three small watersheds
wad seleeted an the Sierrn Ancha Experimental Forest in
central Arizona about 35 miles north of Globe, Strips 200,
L08), and 50 feet wide were assigned o individual water-
sheds {lig. 1) Replication of the burning for four suc-
cessive yeurs is planned to: (1) strengthen the answer
ta the question regarding burning by preseription and (2}
to provide a basis for evaluating the effects of strip-burning
entive watersheda an soil moverment, H the initial serics of
burns shows promise, the experiment may be extended to
include a second serics of burns on the same steips os a
basis for petting lirmer answers w both questions.

Wigershoml 1

Waleyahod A

Waterahed £

FIGURE 1.-—S8lrip widths of 200 fzet (left bond watershed},
100 feet, wnd S{F feel are being tested on 3 water-
sheds For 4 successive years, Scale: P eguals 330

Analysis of weather records showed that September
17 to 22 was a uniguely dry pariod following the “summer
rins” in the Sierra Ancha area. This period was therefore
selected as most ideal for burning - brush should have a
high natural maoisture content, and there should be small
chance of weather interfering sertously with the burning
for more than short pericds.

1t was decided 1o spray & weeks ahead of the burning
dite with o mixture of 2, 413, and 2, 4, 5-T by helicopter,
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This decision was based largely on peneral experience
pained inoother regions rather than on actual tests in
Avizona, Although this might not be an ideal treatmend in
Arizona, it offered the most promise at the time. During
the course of this test, changes may be made 10 bring the
treatment closer o ideal,

FIRST-YEAR ACCOMPLISHMENTS

By the end of Aupust treated leaves had dried 1o
about 10 percent moisture, whereas, untreated leaves con-
tained more than 90 percent (fig. 2).
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FHOURE 2o.Moisture confent of treated Beaves (shaded Dars)
rapged from 8.3 to P4 percent; entreated leaves
pinped from 9005 4o 1EL3 percent.

The treated strips were burned as planned on Sept-
ember 19, 20, 21, and 22, 1961, {(lig. 3). The adjacent
prtreated aress appeared eesistant to fee, and were was
no notable tendency for the fire to spread out of bounds,
We cannot say, however, that the fire prescription tested is
safe without having Fire control facilities available,

~ The combination of spraving and burning did a goad
job of top-killing the brush (fig. 43, Live brush cover was
reduced by 93 percent. Ordinarily, o single folinge applicai-
tion of phenoxy herbicides, such as 2, 4-13, or 2, 4, 5-T,
withou! burning, is expected 1o redoee the living crown
cover by roughly 30 percent.

Consumption of leaves and small twigs on the ground
averaged 29 percent. There has been no immediate evi-
dence that burning aggravated soil movement. There have
been no high-intensily storms since the fire, but the totad
precipitation of 13 inches for the Oclober |, 1961 -May |,
1962 period was approximately normal,
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FIGURE 3 Wiew of the experimental aren showing  burned

strips L, 5, and By i the Toregrownd Dwatershed
O and bursing i progress o background,

FIGURE 4Top killing by combined spraving and burnmg was
pearly complete (9 percent averape )
Considerable varintion in Mammability among species
was noted on the spraved strips. Whether this is hoked 1o
differences cuused by spraying or W other factors 15 not
vet known., Wright silktassel. Emory oak, and shrub live
ouk appeared 10 burn well, Mountin mahogany and the
manzanitas were less Oammable, The failure of manzan-
itas 10 burn readily wus o mujor surprise. These abserva-
tions may be modilied as the test progrosses,
Nonsprouting species, notably desert ceanothus and
the manzanitas, produced mony scedlings during April
1962, By mid-August, however, roughly 90 percent were
dend, apparently from drought and rooting by javelinas,

SUMMARY ,

| — The treated strips burned as planned. without spread
to adjucent untrested arcas.

2 e The combination of spraving and burning produced a
93 percent reduction in live brush cover.

3 Orrgamic litter on the pround was reduced 29 percent.

4 — Sail movement during a winter of normal precipita-
o was not inereased,

5 — Under conditions of this test, Wright silkiassel, Emory
ouk, and shrub live oak appeared to be fammable,

mountain mahogany and the manzanitas appeared to

be fess flammable, )

63— Though not conclusive in itsell, the initial burning
was rated o success and has provided justification Tor
continuing the investipgation of fire as a tool In manag-
ing Arizona chapuriad,
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Watershed and Game Management

By CLAY Y. MeCULLOCH
Research Biologist Arizona Game and Fish Department

Introduction

This is o report an early stages of some investigations
by the Arizona Game and Fish Department on effects of
watershed treatments on big game, especially deer, Most
of these treatments will make drastic changes in wild plant
communitics, for the primary purposes of testing or
demonstrating effects on water yield, Generally initial
changes in vegetation will be abvious, but other important
anes could occur Tor many years, as influenced by natural
ecological succession and continuing efforts to control it
The apparent effects of these series of changes on gime are
being deduced largely from degrees of use of the areas by
game, and from observed effects on certain plant species
valuable to pame as food or other life necessities, Produc-
tion amd condition of the animals are alse noted on some
of the larger experimental witersheds,

Pine Typo

“Phe ponderasa pine type is one of the more importan
deer-producing rones. An estimated 27 per cent of the
deer harvested in Arizona in 1961 came from pine and
pine-ouk areas. Watershed-wildlife studies in this type are
poder way south of Flagstaff, on the Beaver Creek areas,
Maost of the pine watersheds selected for study there are
still in the stage of calibration to determine water yield
priar to Leeutment, but two have already been treated.
Ciame use on them, as indicated by droppings, has been
estimated for two and three years lollowing the initial
vopetation changes. |

Crune were much attracted 10 a newly created grass-
banel with abundunt hesbaceous forage, surrounded by larpe
arcas of pine forest. On that small converted watershed,
summer deer use was significantly greater than the sverage
use on six untreated pine watersheds in 1960 and 1961,
Elk pellel groups were also much more abundant on the
gleared watershed than on the nearby pine arcus. A non-
commercial stand of pines with some oak and juniper
eriginadly occupied the cleared watershed, In 1958-1959,
the trees were removed, it was sceded o grasses and
fegumes, and livestock were excluded, Hs area is about
150 ncres; combined arens of the six umtreated pine water-
sheds compared with it was estimated at more than 6400
BCES.

Deer seemed neither especially attracted nor repefled
by another treated pine area, a large watershed of approxi-
mately 2300 acres at Beaver Creek, On it, pine was thinned
and pruned and attempts were made to kill deciduous oak
trees (Quercns gambelii) by poisoning. Summer use of thal
watershed by deer has not been &;Egniﬁcant!y differemt from
use on the six untrented pine arcas mentioned above, ac-
cording to pellel sample data. Nevertheless, some wildlife
effects of that reatment may show up in other years,

Poisoning killed the lirge ook trees, which are the principal
acorn-producers. Abundance of a rich food such as acorns
possibly has an important effect on wildlife breeding
supeess andd survival of young immediately following good
mrast crops, although the latler do not ocour every year
(21, As e, theee are oo Few years of records at Beaver
Creek o permil a statistical estimate of expected frequency
of wearn abundance, or of possible correlution between
ceops of acorns and fawns,

b Field work on the Beaver Creek estimates of game awd hiotter
pae hax been done fofntin by the United Stares Forest Servive,
Rovky Mountain Porest oand Range Experbiesr Srotios ot
Flapstaff and Covening National Forest, and the Avizona
Clamie and Fisl Depariient, Suistical analveey of the Beaver
Creel and Drake aren pellet dote mentiomed  here were by
RJE Smith, Aeizomg Geame gud Fisk Deparimend,

Juniper-Pinon Type

Juniper-pinon, another of he major types of deer
range, yielded an estimated 24 per cent of the statewide
deer harvest in 1961 Trees of this type have been uprooted
ar burned on huadreds of thousands of acres. Much of this
was done primarily for livestock range improvement, some
wits cxperimental, to determine effects on water yield, and
soane b the benefiting of deer as one of its objectives. A
few of these arens have been sampled in an effort to judge
their attractiveness to deer as indicated by deer sign on
them, compared witl nearby arcas on which trees were
left standing, Abundance of certain forage plants used by
deer was also estimated.

Among four juniper control areas which were studicd,
early results have ranged from positive to neutral, as far
as apparent attrucliveness to deer was concerned. Notable
factors nssociated with the different resulls were livestock
srazing and size of the eradication arcas.

AL one sile where deer sign ot times supgested 2
preference of deer for cabled juniper areas, treatment had
been on small plots of 120 acres or less, adjacent 1o Jarger
arens of sanding juniper, This was near Grapevine Can-
von, southeast of Flagstafl. Livestock did not use these
cabled nor standing junipen arcas Tor several years before
and after treatment. Native perenniel prasses had increased
ot the cabled plots, but not on the standing juniper areas,
as of three yvears after cabling, There was no artificiul re-
seeifing, On both the cabiled and standing juniper areas,
there were similar densities of a preferred browse plant,
clilfrose (Cowania mexicong var, stansburiana); viz., about
67 plants per acre, Significant differences in sample mean
pellet densities accurred during the fourth, but not the fifth
year aften cabling, althouph, mean densities have generally
been preater on the cabled arens (TABLE 1),

At three other locations, pellet samples did not strong-
Iy imply a preference of deer for uprooted 1o standing
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funiper areas, nor vice versa (TABLE 3 Juniper contral
wis dope on several hundreed or a thoosand acres or more,
ancl mone of the three arens was retired from eattle use,
Loocations were the Sowats and Wheile Pockets sicinitics of
the Marth Kaibaly, and an area nortlweest of Drake,

Stands of preferred browse species were dense at
soime andd sparse at others of the lutter three juniper control
arens, For exawnple, some of the ridectop sites of the Karth
Kaibab had mare than 300 cliffrose plants per acre. In
cantrast, at the Drake area, the combined average estimate
was Tewer than 26 cliffrose and moamtain mahogany
{Cercavarpuy Bbreviflorns} plants per acre.

TABLE L Deer Use of Lradicated and Standing Juniper
Areis,
Pellet Ciroups
Per Acre
Areas of Areas of
Funiper  Standing Period of Year of
Laalion Contenl  dunipes Accumudation Treatment
Crrapevine canyon 190 9% 80 Winle# |96 1961 (957
Bl ¥ 2% Ry |46
63 55 Winter (9611962

Suwals 156 RS Winter I96([-1%962 1957
White Pockets 124 110 Winter (951-62 LR
drake 177 193 Indefimie, o dane, 1960 1956

*eMean differences significast al 95% fevel.
Viitarrsd mean dilTerences were pod significant ol 909 level,

Meither the eradicated nor standing juniper arcas had
clitfrose plants small enough to be seedlings of the current
or preceding year, at the time of the browse samples on the
Narth Kaibab and Grapevine areas, four to six years alter
treatmend, In some experimental plantings by the Kaibab
Mational Forest, chiffrose seedlings were destraved by
rabbits. Attempts were made 1o compare densities of plants
slightly larger than seedlings which might represent ¢liff-
rose established since pushing or cabling. The sample
results were wneertadn, sinee many of the smallest cliffrose
plants apparently pre-dated the juniper contral work,
Eviduation of effects of juniper eradication on cliffrose
stand density may require some knowledge of the usual
rirtes ol seplacement and longevity of cliffrese on various
sites. Need for artificial browse planting on given areas
could be recommended on the basis of such information,

Cliffrase and other browse species did put Toeth more
new growth on estublished plants on cleared than on stand-
ing juniper arcas. This release effect was obvious and
common to all juniper control arens. A quantitative ap-
praisal of the difference was attempted for cliffrose in lake
siwmmer, F901, on the North Kaibab, 2 Oven-dey weight
ol current annual growth available to deer was estimated
at 3.6 pounds per aere for pushed juniper sites of Sowils
and White Pockets, and 2.1 pounds per acre for their
standing juniper sites, This source of browse increase
should be important to deer where natural stands of pre-
ferred shrubs are dense, but it may be no preat bonus 1o
expect from juniper control on some of the other ranges.

2o The UVwired States Forest Seevice, Kaibab Nativeal Forest,
exsisteed with the cliffroxe sooapling on the Norte Kotbab,

The above emphusic on one or two preferred browse
species should not suggest that other deer fonds be ignored
in eviluation of juniper conteol, A number of plants other
than cliffrose contribute much to the support of deer
herds ine juniper-pinon country, Sagebrusl (A riemisia rei-
dentata) and juniper, for example, have been eaten in lurge
quantities by deer on the Kaibab and several other western
tanges i the juniper type (4, 5, 6, 7, 12, 13, 143, In the
present studies, nuistletoes (Phoradendron and Arceutho-
Bitan, spp.d, prasses, Torbs, and the leaves and berries of
junipers were among the items of preater bulk noted in
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deer sumen swmples From the Cirapevine Canyon ares.
Juniper and forbs were some of the major items in Beaver
Creck rumen samples,

Chaparral

Some apening up of the extensive stands of broad-
leaved evergreen brush is thought desirable for both water
and pame production. For pgame, the creation of many
small openings is probably the most desirabde treatment for
chaparral, Costs and other factors may require brush re-
moval on areas somewhal more extensive and less frequent
than would be optimum for game. O the Three Bar area,
near Roosevelt, studies are being made to determing the
extend toowhich deer may benedie from brush control on a
scile Teasible for wiatershed management,

i the Three Bar experiments, herbicides are applicd
repeatediy on a small watershed of 76 acres, suppressing
natural regrovwth of shrubs following o wildfire burn (13,
Establishment of gress has been encouraged by artificia
reseeding with exotic species, btensity of deer use of this
witershed is being compired periodically with that on two
pearly waleesheds also burmed but pot treed witly herbi-
cides, und with an unburned, untrented are.

Buring the first two winters following the wildfire
and start of treatment, the sumples indicated no sipnificamt
differences in degrees of deer use among the Tour com-
pured chaparral areas. During the third winter, however,
peant density of pellet groups was significantly greater on
the herbicide-treated watershed than on any af the other
three, AL that time, fow i any of the shrubs had been
killed by the herbicides, although their average crown
coverages were ahout ane-third those of the shrubs on the
untreated areas. The wsual effect of the herbicide was
killing buck of the shrub crowns, followed by renewed
sprauting from the roal-crowns each year. Total forb and
grass cover on the herbicide-treated watershed was com-
prarable with Torks and grass cover on one and greater than
that on the other burned but untreated walershed. 3 With
o or wo esceptions, there were no outstanding dilfer-
ences among the three burned watersheds in the relative
abundance of certuin herbuceous species preferred by deer.
Al present, the vegetation treatment is nat completed, and
i s not kaose BF the difference in depree of deer use will
persast,

Che cancern of wildlife manapers has been that non-
selestive shrub control may reduce the amount of good
Torage speeivs available For gaune, Experimentally, repeated
barnimg or herbicide treatments have Killed important large
browse plants such as holly-leal buckiborn {Rhamnus
croveal {10, 117, In these tests, emphasis has been on
shrubs live oak fCueerens warldnellal, one of the most
abuadant and most difficult shrubs to kil (8}, From the
wildlife point of view, complete eradication even ol this
unpopulie species may not be desirable, Although it muy
bz of lower nutrient guality than some other browse species
(153, deer do muke considerable use of shrub live ok as
browse, Further, it 35 3 major source of mast in the chapar-
ral type. At present, it seeis unsafe (o assume that acorn
crops are unimportant W wildlife populations in either the
ping-cak Lype or the chaparral, Portunately, perhaps, the
results 1o date supgest that complete eradication of shrub
live oak is not hikely on any farge area.

3. Breseripsiony of vegetation on e three buraed watershedy are
based on yemple dmta taken by the United Stater Forest
Servive, Rocky Mowptain Forest and Ronge Experiment St
tig of Tewpe,
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The chemicals used against the large shrubs of the
chaparral are also detrimental w smaller plants, the half-
shrubs amd forbs, A number of these are preferred deer
foods { TABLE 1), Some contribute largely to the support

TABLE I Some Forbs unil Low Shrubs Apparently
Preferred by White Tailed or Mule Deer in
Central and Southern Arizons,

Tpoenoen longifalin

Forammerin parvifolis

lodis spp.

Lapinis Ileser

Muralh gilensis »

(*Eelunaeystis Tolydn™}

Piysalis crassifolin Cherries)

Poveospbivllum gravile

Psarabea spx

Agmeriy spp.

Artemisia luboviciana
Collandra eriaphylia
L fepladenia
Delrhinium andesivod
iehelostensnn pulebe lom
ASTEIME S

ST S

Lradium clzuteriem
Euphorhia melamsdenia Solunuin elaesgmifolinm (herries)
Crulieprezs spp. Worlwse spp.

Roferemee: 433, 190, (161, and the present studies.

af deer in certain areas during parts of the year, even
though large browse plants are available, Some of these
forbs and low shrubs are more typical ol native grasslund
communities than of the chaparenl, but often are closely
intermized with the shrub stands, 1t is planned that the
herbicide treatment an the Three Bar watershed will hold
the chaparral cover 1o o low pereentage, but will not come-
pletely eliminate it. The reduction of competition from
Turge shrubs may allow some of the preferred forbs and
hatf-shrubs eventually 10 invade or increase, despite their
suseejibility during the herbicide trentments, Such results
might more than compensate for the decrease which is
planned for the tall browse portion of the deer food supply.
These possibilitics stimulate the interest of game manage-
ment in continuing records of the Three Bar watershed
gxperinents,

Mixed Conifer Type

The high-elevation forest of Dougls-fir, spruce, fir,
and pine are summer range for some of the Stawe’s big
pimie herds, Tests of various watershed  manapement
technigques are in progress or in preparation in this forest
Lypa in severa] places in Arizona, e treatments invilve
different patterns of logging, such as clear-cutting numer-
ous small patehes within o watershed, and ¢learing large
areas or enlire watersheds,

At the Willow Creek experimental watersheds, south
ol Alpine, attempts are being mude w learn the kinds of
food and major subtvpes of Torest most used by pame
prior 1o cutting. The resulting information may be used to
recommend modifications irg some of the Jogging methods
far henefit of game on the experimental arcas, and in other
logging operations, Appurent game preferences for some
foor species may change, as relative ubundance of the
plants is altered by logging and its subsequent elfects on
vegelation, Since the Willow Creek records will cover a
period of several years before, as well us alter treatment,
they may suggest whether the old or possibly new game
foods shoudd be encouraged by watershed muanagemen
practices,

Hunter Use

On the Beaver Creek Experimental Watersheds, there
was demonstented one elfect on game which was nol a
direct result of the vesetation changes. Unusuplly large
numbers of highly maobile hunters came to the aren, The
roads required by the watershed developments had much
te do wath this increased atlractiveness of the area to
humters. as did the new highway which made it possible to
drive Trom Phoenix to Beaver Creek in three hours or less,
During the 1961 deer hunt, the averape number of hunters
per sguare mile on the Beaver Creek arca was nearly twice
tlsat of the larger hunt unit of similar vegelation type which
surrounds the Beaver Creek system, Seventy-one per cent
of the Beaver Creek hunters were from one metropaolitin
arca, Maricopa County, and 61 per cent spent only ane
duy or less on the Beaver Creek watershed, The kind of
hunter use developed there will undoubtedly spread as
watershed management extends and intensilies.
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Impact of Watershed Program
on Educational Institutions

JOSEPH F. ARNCILD
Director, Watershed Management Division
State Land Department

Introduction

With its emphasis on reseacch, the Arizona Watershed
Program has increased the demand for highly skilled
professionals. The many Federal, State, Muonicipal and
private npencies engaged in watershed research and man-
agement have increased their demands for hydrologists,
foresters, runge  comservationists, soils  men, peologists,
engineers, meteorologists, ecologists, fish and  wildlife
specidests, economists wnd tlented administrators, Many
agencies have prepared brochures outlining their needs
for college and university graduates of different specialties,
These needs have placed increased demands on our
educators and educatiopa] progrums. Besides placing addi-
tional responsibilities on existing  educational  facilities,
demands have necessitated the creation of new depart-
ments, new courses and provided the opportunities for
summer youth programs. For vour appreciation, here is a
summary of educntions] facilities and associnted research
petivities thal have been expanded to help solve our cver
present problem of Hmited water supplies.

UNIVERSITY OF ARIZONA
Institute of Atmospheric Physics

The Institele of Atmospheric Physics, o research
organization established at the University in 1934 with the
lelp of Lewis Douglas, has already made impartamt contri-
butions to this annual symposium. Papers presented by
Dr. Kassander and Dy, Battan in 1957 und 1960 covered
the possibilities of increasing precipitation by cloud seed-
ing. The use of radar for studying clouds and storms, first
introduced by the Institute, is being used more and more
by other agencies to study clouds and storm patterns,

Besides research activities of the Institute, staff mem-
bers provide instruction in meteorology leading 1o M.S,
and Ph.D). degrees. During the past year, one praduate
student received mtionsl  recognition in the Saturday
Evening Post for developing a method of desalting sea
water, Students gradunging in metearology will undoubted-
by extend the horizons of our knowledge in this importanl
phiase of wateeshed manupenent,

Department of Watershed Management.

The Department of Watershed  Management  was
established at the University of Arizona in 1958 with a
$120,000 grant from the Charles Lathrop Pack Forestry
Foundation, While placing major emphasis on waler pro-
duction, the Department’s progrm of insteuction — like
our State Watershed Program recognizes such other
multiple resource values s forest products, fornge Tor
livestock, wildlife and recreation. Consequently, the waler-
shed management curricolum offers options in hydrology,
forest management, forest science and wildiand recreation,
Also included, are options in range management and range
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science. Graduatle programs leading to M.S. and Ph.D.
degrees are available in watershed management, range
management and forestey.

Dy, McComb, head ol the Department, participated
i oalr 1939 symposium, Professor Rowe mude contribu-
tions te both the Barr Report in 1956 and 1o our 1958
symmeposivm, before retiving from the Forest Serviee 1o join
the Watershed Department Staff, We can look forward to
further dmportanl contributions Trom this Departmendt,
with 37 graduate students working this vear towards their
Master and Decloral degrees in owatershed and  range
marnagement,

Institute for Waler Utilization.

The Institute for Water Utilization was established
at the University of Arizona in 1954 for the purpose of
conducting research in the conservation and wilization of
water supplies under semi-arid and arid climates. Research
investigations include; developing methods for artificially
recharging ground water aquifers, reducing evaporation
from stock tunks, reservoirs and Tnkes; lesting materials
for paving artificial water ealchments; studying water
losses by evapo-transpiration and participating in stream-
flow forecusting. Many of the investigations are being
conducted in cooperation with other agencies. Besides
researeh activities, personnel teach courses in walershed
hydrology and water utilization,

Sol Resnick, hesd of the Instiswte apd his associate,
George Maddox presented o paper on artificial ground
water recharge at kast year's watershed symposium.

Depariment of Agricultural Econemics.

The Department of Agriculiural Economics has play-
ed an important role in the development of the Anzonu
Watershed Program. The initial starting point for our
program was provided by Dr. Barr's report which compiled
recommendations of o number of nutionally recognized
seientists. Dir. Barr's successor, Ray Seltzer, proposed co-
aperalive methods of fingncing o state=wide watershed
program al our second symposium in 1958,

Attracting the interest of the Western Economics
Resenrely Council, the Arizons Watershed Program was
taken as a case study for the economic analysis of multiple-
use im oo 1961 meeting held in Tueson,

Under s pending agreement, Dr. Kelso of the Univer-
sity is cooperating with Mr. Worley of the Forest Service
in muking ceonomic evaluations of the land treatments
being applicd on the Beaver Creek Project. Also pending,
is 1 resesrch proposul submitted 1o the Rockeleller Found-
ation aimed at determining the importince of water to
social and economic growth in an arid environment.
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With this record, we can expect the Department of
Eeonomics to make further conteibutions o the Watershed
Program,

College of Mines.

A vear ago, the College of Mines at the University of
Arizona announced a new program of instruction in
Ivdsology, To explain this new program, we have with us
woday D, John Harshbarger who participated in our third
annual symposicm in 1959,

University Library.

Adequate programs of instruction and research re-
quire an adequate library, Recognizing this need, the
Water Resources Comnuttee  suggested the Universily
Library acquire and build-up the strongest possible col-
fection of reference material on water.

University Librarian, Fleming Bennett, reports the
“Water Library™ now ineludes approsimately 6,000 items,
Although the Library has not yet been able to put a
hibliographer to work on this praject full-time, the acquisi-
tion of a good representative collection has moved ahead
with the pid of faculty members,

Aceording 1o Mr, Bennett, the Library i happy 1o
make reference materials available to people interested in
water, Exeepl for journaks not genernlly allowed out of the
Library, reference material can be mailed for home-use.

ARIZOMA STATE UNIVERSITY
Department of Agriculture.

Facets of the Arizona Watershed Progeam have been
included in Agricultural courses taught by Dr. Judd at
Arizona State University. Some 50 students regularly en-
ralled in *“The Conservation of Agricultural Resources”
and in “Range Management”™ have had the opportunity of
getting first hand information from technical personnel of
varipus Federal, Swate amd private agencies.

Teachers frony various parts of the State get acquaint-
ed with the Arizonn Wuatershed Program through Dr.
Judd’s summer workshop in “The Conservation of Natural
Resources,” As prool these teachers are taking this infor-
maticn back to their classes, our Watershed Division is
receiving an ever increasing pumber of requests from
grade and high school students for widershed information.

Depariment of Civil Engineering.

Through the Civil Engineering Department, headed
up by Professor Kersten, courses in hydraulic engineering,
hydrology, soil mechanies and waler resource development
are available to students attending Acizona State Univer-
sily,

Early this year, a seminar on natural resource min-
apement was held at Arizona State University for the
purpose of calling attention o the need for making the
University's talents more readily available to students
interested in natural resources, The proceedings of this
seminar deserve your special atiention,

ARIZONA STATE COLLEGE
Science Department,

Teachers enrolled in Professor Deaver’s  sumemer
course in “Conservation Bducation”™ at Arizona State
College get an excellent ¢ross section of conservation
activilies of Federal, Stute and private organizitions, Our

watershed slide show has been regilarly scheduled for this
course, Througl the teachers enrolled in this course,
information about our Watershed Program is undoubtedly
being transmitted to grade and high school children.

Division of Forestry.

The Division of Forestry was established by the
Board of FRegents in 1958 ot Arizona State College, To tell
us more about this new Division, we have with us today,
D, Chardes Minor, Besides piving os an insipht into the
schedule of courses, the summer field camp, and thinning
operations on Stade Forest lands this past summer, i s
hoped that T, Minor will highlight some of the important
relationships between forest and watershed management,

SCHOOLS OF OTHER STATES

In order to view in proper perspective the facilities of
our own schools, we need 1o keep appraised of edocational
development in neighboring states. Towards this end, we
will laave s report today on e Cooperndive Watershed
manngement Unit at Colorado State University, located at
Fort Colling, This Wadershed Unit was established in 1958
with the assistance of a grant from the Charles Lathrop
Pack Forestry Foundation ke our own Watershed
Department ot the University of Arizong,

As another example of what is happening in other
states, the Water Resources Research Institute at Chegon
State University was organized to facilitate research on
factors affecting the gquantity and guality of water available
for man’s wse. Like other wiler resource programs, the
Enstitule synthesizes the talents of specialists from several
Ulniversity departments.

YOUTH PROGRAMS

The desive of young peaple w make use of the fine
educational facilities of cur Universities and Colleges can
be instilled at an early age. Several youth programs now
uncerway in Arizona, will undoubtedly encourage voung
people to pursue careers in patural resource research and
mEafie e

Boy Scouts of Amerlcs

Ome of the most outstanding conservation programs
for Boy Scouts has been developed by Chiel Miller and his
stall with the aid of a0 Conservation Commitiee muade up of
representatives of several agencies, Guided by the Chief's
philosophy of “learning by doing,” about one fourth of the
4,000 boys attending Camp Geronimo participate in some
phase of conservation. The program has grown consider-
ably since the Chief presented his report at our third
symposium. Boys learn the principles of fish and wildlife
msnagement, forest nnagement, soil conservation and
rodent control under the able puidance of specialists from
the State Goame und Fish Bepurtment, Forest Service, Soil
Conservation Service and Federal Fish and Wildlife Ser-
vice. Scouts attending Camp Geronimo this past summer
had a special opportunity to learn abouwt soil and water
comgenation, geclogy, surveying and astronomy. Instroct-
ors in these fields were provided by the Geological Survey
with cooperative financing from the Sali River Project. In
their study of water, boys were given an opportunity to
make discharge measurements and service water-stage
recorders of steeam gages installed by the Geological
Survey in 1959,

The Explorer Post Program, a program for high
school juniors amd seniors who have pradunied out of
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scouting, is expanding rapidly under the sponsorship of
many business organizations, Formation of Explorer Posts
in conservation, is presently being pushed by the Council's
Conservation Committes,

Apache Summer Youth Camps.

Trnbal Councils of Indizgn Reservations cooperating
with the Buoreau of Enchinn AdTuirs have established summer
youth caumps, setting o pattern thal could be followed on
i State-wide basis. According o reperts received from g
aumber of reservations through the Phoenin Office, the
wouth programs are aimed at providing gainful employment
tos teennga boys and giels and providing instruction in 1he
conservation of their reservation resources. Although ob-
Jeetives wre much the same, methods of fnancing and
operating camps differ between reservations.

Omn the Fort Apache Indisn Reservation, Superintend-
ent Bluwley introduced the voudh camp idea 1o the Tribal
Council in the spring of 1956, Since 1956, 366 bays have
pone Threough six summer youth comps ranging from 8 1o
10 weeks. Work activities have incladed juniper control,
range reseeding, soil and water conservation tresiments,
improvement of fish habitats, road drainage and mainte-
nance, tmber stand improvement and other practices. This
& yesr program has heen Tinaneed with tribo] funds totaling
S104,000.

Summer camps on the San Carlos Indian Reservation
bave been in operation the pust 4 years, Orpaniaad in twe
daweek sessions, about 300 boys hove participated in such
activitios as cutting fence posts, Cesring juniper and cholli
cactus, amd cutting oak for charcoal production. For this
work, the boys were paid o little move than %1 1,000, Camp
expenses Tor Tood, transportation, materinls and super-
vigion were linanced by donations from o number of
sources over and ahove conteibutions From the Tribe,

Stmilar youth camps have been i operation since
1959 on the Unitah and Ouray reservations in Colorado,

Organized Tor sirictdy instructional purposes, a Hopi
4-H Conservation Camp held the last week of June in
1961, provided 33 Hopi boys with instroction in conservi-
tion amd mmmagement practices.  Iudion bovs received
ingtruction 1o souls, sagebrush and juniper control, grass
seeding, spring developrment and gully contral,
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Cocperative Extension Youth Camps.

The first annual Youth Conservation Camp, made
passible by the cooperative efforts of the University
Apricultural Extension Service and the Arizona Associ-
ation of Soil Congervation Disteicts, was held July 8-14 at
Point of Pines. The camp was under the able direction of
Barey Freeman and Ray Weick, Watershed Management
and 4-M Extension Specialists, Sponscred by $25 seholar-
ships, donated E::E)' Soil Conservation Districes, Livestock
Associations, Tribal Councils, 4-H Clubs, Future Farmer
Chapters and individuals, 43 boys attended the camp from
Y counties, Instruction in the manggement of timber, range,
water, soil, wildlife and recreational resources was pro-
vided by personnel from Federal, State, and private organ-
Praticons,

THE FUTURE

This braef summary has undoubtedly overlooked some
phases of the educational program in Arizona as related
o nutural resources. The possibility of omissions makes
the picture even mare impressive, New courses of instruc-
tion, new research facilities and programs and pew youth
ng‘mgrzams have paralleled the development of the Arizona
Vatershed Program probably because of the increased
demands Tor highly gualified professionals.

With few exceptions, the mere expansion of existing
programs will go a long way towards providing our young
prople with adequate insteuction in natural resource man-
agement, While there may be a present need to increase
matieral vesouree instruction ot geade and high school levels,
this will come with fime as more and more teachers take
advantage of the available resource seminars and courses,

Considerable thought is presently being given the
possibility of expanding and developing a conservation
work and instruction progeam for the Indusiria] School
for Boys. 1t is hoped that we can look forward 1o the full
realization of this possibility within the next year or two.

In summary, the future management and efficient
utilization of our water, timber, forage, wildlife and recre-
ation resources will be considerably better than it is today
and better than it was in the past. Knowing that future
progress will be accomplished by the students of today
gives added significance to the teaching profession,
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Training In The Field of Water Resources

¥
JOHN W. HARSHBARGER
Head, Department of Geology, University of Arizona, Tucson

INTRODUCTION

The growing importance of the development and
intelligent management of water supplies for mankind has
ereated an urpent world-wide need Tor scientifically trnined
hydrologists, In recent years, many waler problems have
been amplified by o rise in man's standard of living, the
increased production ol food and hard-poods, and the
Babitation of peevicusly undesicable regions. Conseoguently,
water problems are directly related to such things as:
|} An increase in population, 2} a geographic shifting of
population centers, 3) a higher demand of water use per
capita, 43 deterioration of watersheds and a decrease of
perenninl water, 51 pollution of streams and lakes by
mn's wastes, and 63 a shilt w semi-arid and arid regions
in order to accommuodale an increase of agricultural pro-
ducts and provide land space for human occupation.

The water chullenge 15 not Hmiled to desert areas.
Actually, intensive devclopment in certain areas has
created severe problems where water is plentiful. Supplies
adequate in past years have become no longer usable.
Man's oceupation in certain watersheds has increased the
destruction by floods; production of sediment from in-
creased erosion hus clogged drainageways; and streams and
lukes have been polluted by introduction of wastes from
industry and cities. In some areas, inadequate drainage
and increased salinity have hrought about the Joss of arable
lands. Many of these problems caused by man cannot be
salved by the mere application of maoney, conerete and
lubor. Throughout the world, man is confronted with
certain knowledpe barriers which impede o scientifie
foundation for the formulation of sound water develop-
ment plans. As the competition for known water supplies
hecomes ever more keen, the deficiency in basic knowledge
of hydrologie principles becomes progressively much maore
important, Today he must face the fact that in the reso-
lution of late stape water resources development, he can
no longer affard the murgin of error which was permissable
in the initial stages of water development.

The future achievements of mankind in the field of
ster resources will depend upon the Kind of educational
and training proprams designed and implemented by col-
leges und universities. As hydrology is an interdisciplinary
seience, it reguires the talents and skills of a lurge variety
af areas. The water specialist must be well trained in
mathematics, physics, chemistry, meteorology, geology,
hydromechanics, and agricultural sciences. In addition, he
miust have a knowledge of economics, social sciences, and
faw, The training of such persons presents difficult prob-
lems to the educational institution attempting to design
training programs. Nevertheless, those institutions plan-
ning hydrology curricula must exercise creative and broad
interdisciplinary programs to meet the future demands.

Iportance of research and graduate training cannot
be aver-stressed as there is much insight to be uncovered
on the many hydealogic processes of the water eyele, The
attraction of talented students to such rigorous fraining
programs requires substantial financial ussistance, other-
wise, the objectives cannot be attained, As many nations,
eaperiencing problems in o water resources, do not have
trainied hydrologists nor educational facilitics, international
and national programs are essential. The produection of
well-trained hydeofopists must be assigned o high priority
throughout the world, il man’s hopes to obtain optimum
benelit of existing waler resources are o be fulfilled.

Muodern man s confronted with many challenges in
order to survive and maintain a high standard of leving.
[t is difficult 1o udge which might be his greatest challenge
at any particular moment of time, as this is a dynamic and
exciling world, However, it seems valid 1o ask, what
challenge is greater than the waler challenge? Tt is an
unusil day when there are nol major news accounts
reporting on the destruction of floods, severe effects of
drought, waler resources development plans, pollution of
streams and lakes, litigntion disputes over water supplics,
needs for additional water, schemes on converting saling
water into fresh water, or the immedinte demand for action
to ahate water shortage in local arcas. Large amounts of
funds are appropriated ench year o alleviate many acute
problems, and expenditures will continue 1o climb to allay
man's thirst for water,

THE SCIENCE OF HYDROLOGY

The critical importance of water to modern civiliz-
ation is an adeguale reason for the study of hydrodogy.
The benefits derived from the fruits of science lor appli-
cation to the engineering aspects of construction projects
are well established. Industey and povernment have learned
that costs of basic research have paid ofl handsomely in a
savings of money, lime amd elfort, The science of hy-
drology provides a base Tor sound economic development
in neddition to the sttaimmpent of a realistic vnderstanding of
man’s hydrologic environment. Fis ability to accarately
describe the physical pracesses of the many parameters in
the water evele will permit him to master his environment
for maximum econcmic benefit,

There are many concepts and definitions of hy-
chrodogy, ol one that is most suiluble For our purpose is
taken {rom Scientific Hydrology.!

Hydrology is the scienee that treats of the waters of

the Earth, their occurrence, circulation, and distribu-

tion, their chemical and physical properties, and their
reaction with  their environment, including their
relation to living things, The domain of hydrology
embraces the full life history of witer on the Earth,
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R. L. Nace of the ULS, Geological Survey in his discussion
of A Plan for International Cooperation in Hydsology 2
tites:

Na nation occupies an entire condinent. (The sub-
continent of Australie is an imperfect exception}, No
continent has a closed hydrologic system, but each
s 0 part of a plobal system, Therefore, no mtion can
Tearn by itself, within its own boundaries, all that it
must know about water and the hydrologie cyele.
None ¢un campletely lesrm even its own Jocal wader
balunce within the continental system. On the other
hirsed, o nation can or would send its own scicadists
te work in the area of other nations. Cooperation
among nations is regquired, so Qe task s international,

@

The Training of Hydrologists

Fven though muny seientists are working in the gen-
eral area of hydrology, there are very few who claim to be
hydrologists, For the most purt, they have been educated
in diverse felds such ps civil engineering, geology, soil
science.  meteorology,  mathematics - physics - chemistry,
silvaculiure scienee, and ccology. Most are, in cssence,
service-trained in that they receive their hydrologic train-
ing through apprenticeship or earned  their skills by
assoctation with particular groups concerned with certain
parts of the water eyele; L., surface water, ground water,
quality of water, agricolturs! hyvdrology including irrigation
technigques, watershed management, ete. Table | shows »
distribution of cducational  background of  hydrologists
from a1 sample 1aken of the American Geophysical Union
alffitinted in the Section of Hydrology, The dala in Table 2
further reveals the luck of depth in graduate training among
those practicing hydredogy. In contrast 1o the carth scient-
ists and other scientists, hwdrologists are almost wholly
lacking in doctoral level teaining, B is apparent that ad-
vanced study is essentinl il the science of hydrolopy is 10
meet s responsibilities and demands.

FARLE 1, Pducationsl backgroonnd of hydrelogists (s

Pereent
Fogineering Craainly eivil wl Bydeiilic) . 5
CreobOry s s B
Metvoralogy fs
Madbenuitics, plvvsics, chemisiry fi

Erher o y R v ]
a Addapled foo Selensite fvdvolagy, Pederal Couneil Tor
Seiepee and Techoology, Table 3, po 18 {June 1962).

TABLE 2. Level of education of hydrologists
wind asther seientisls, 1964 (o
Esrth
Hydrolagasis  scientesis Al seieintisty
tpercem b (pereentl  {percenl)
Loss than o hachelors degree 3 3

Bachelos's degree T4 54 17
Muaster's degroe 17 28 2‘1
Droctoral depree 5 {5 A5

1 Teta! number of 881 used in compuling percentages, in-
cludes Y0 0 Bdiography,

s Adapted Trom Seientific Hvdvolopy, Federsl Councid for
Seiemee and Techoodoey, Table 8, po 19, Chuse 19623,

tn addition, there are some cases where work in
hydrology has mot been acceptable experience toward
merbership as a professionnl engineer, Also, there are
organizations which do not have an emplovment classifi-
cation ws w hydrolosist s the weclnical work 15 conducted
by engineers, foresters, peologists, geopraphers, soil scient-
sty and others, Conseguently, Tinancial rewards  and

boad free Pawel om Bedvologe, W8, Lanpheln, ©lucirmare,
Bodengific Hyvdrolopy, Federal Conned for Scienve amd Teolualopy,
e 1963

24 Panel of Hvdrodogisee (U S A0 A Preaposal and Plae
Fow Enteesational Covpeasion Gr Hydrofogy, Bl Inter, Asson.
Soten. Hvdrel. p, 1T v 6, {19610
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professional advancement hus not been as rapid as in
established scientific disaiplines. In spite of these condi-
tions, there are u pumber of persons who have, through
seli-designed training programs and on the job training,
eouipped themselves to meet the requirements of 3 seien-
tific hydrologist. Such methods and perseverance are
commendable, but today’s water problems cannot await
the training of top level scientists by such costly and time-
comsuming methods.

Scope of Hydroolgy Training

Until recent years, it has not been possible for stud-
ents Lo obtain coherent training focused on the subject of
water. Under the broad definition of hydrology, the science
must include training in the upderstanding of the carth’s
physical features and in the mechanics of 115 atmospheric
systems, These [uets then need to be reluted to man's
social and economic demands for optimum management
of water resources. An adequate description of the global
water cycle is needed, defining the circulation of water on
the earth as a whole. Knowledge on basic hydrologic
principles must be increased and disseminated in training
PrOgrms.

The nucleus of hydrology probubly belongs in the
realm of earth sciences, The unifying concept is the hy-
drologic evele, The cycle begins and ends with the wmﬁi
ocean and involves the transport of water from sea to air,
and from air to land. Here it may be stored for long or
shart periods alter which it moves across the fand surface
in surfuce streams or through the earth’s porous rocks as
ground water, and hence back to the sea. During this
transitary movement, the waler hos passed through the
pas, Hguid, and solid state, 1t left the sea essentially pure,
bt during its teansit dissalved many inorganic and organic
compounds as it passed through one or several biological
systemis, Foether, o has eroded many rocks of diverse
types, changed the continental profile, and returns to the
s lden with many mineeals and man's wastes,

Mensurement of the water budget of oceans and
continents and onderstanding of the dynamics of water
vapar in the atmosphere as well as the precipitable water
must be evaluated fo obtain the net influx of water vapor
toy areas of water need. 1L must be recognized that adequate
knowledge on the water balance of the globe requires
perhaps even preater emphasis than upon the terrestrial
phase of the hydrologic cycle,

There still are major gaps in the basic data necessary
to adequately explain the distribution of water on the
globe, For expmple, the magnitude of the North African
wquiter is not known and as yet no discharge measurements
have been mude on the Amaeon, the world's Turgest river,
There are vast desert, tropical, and artic regions of variable
climate for which there are no hydrologic plobal analyses
of the water budget,

Hydrologic Systems

In a global science such as hydrology, it is believed
that a systematic approach by a synthesis of the major
factors of the lithosphere and atmosphere and their inter-
relutionship provides the best focus on the water cycle.
Specific combinations of geologic, peographic, climate and
ecologic factors occur in different regions throughout the
world and their interrelationship is of major importance,
Iy many areas, the environment has even greater influence
on run-off than on precipitation. Unigue combinations of
environmental factors provide fundamental insight into the
behavior of hydrologic systems.
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Although there are several ways for preparing a
synthesis of the hydrologic systems and their component
processes, the following classification has been suggested
by some workers; a) Climatically controlled, such as in
vropical, arid and semi-urid, polar, and temperaie regions,
b} topographically controlled as by mountains, lakes and
glaciers; and ¢) peologically comtralled such as by lime-
stone and karst terranes, alluvial basing, steatiform-artesian
terranes, In conjunction with numerable hydrologic sys-
tems, it is believed that there are components that would
prevail to o lesser or greater extent in any one or all
systems, An incompleds list of such components might be
as follows: a) Ewvaporation and transpiration, b} soil
maisture, ¢) movemenl of water in porous media (un-
saturated and satueated), &) erosion and sediment frans-
port, rivers and drainage networks, ¢} storage of water, a8
in streams, channels, lakes, reservoirs, and in sub-surface
rocks. For a complete listing of hydrologic component
factors and processes in the eartl's walter system, the
reader is referred to the report prepared by A Panel of
Flydrologists, 3

It addition o the physical and biological uspeets of
hydrology, the student should have certain knowledge of
factors that bear o water management, Comparative and
quantitative studies of water management technigues, as
influenced by land use, water distribution, climatic vari-
ability, and economics provide much valuable knowledge.
Legal, social and ethnographic characteristics have a larpe
influence on the development of acceptable water projects
far mankind. Throughout histary, Eydmlrjgy has boen
more empirical than thearetical, but the time is now when
hydrology must assume its inevitable role as a science.

TRAINING PROGRAMS IN HYDROLOGY

During the last two vears, there has been considerable
concern and interest among persons in federal and state
wiler resources agencies and in other nations on the
shortage of adejquately trained manpower, Only a few
educational institutions in the United States have enjoyed
a long history in offering several basic courses in hy-
drology, which comprise the formal academic training of
today’s senior hydrologists, Prior to 1960, less than 60
major universities listed hydrology courses in their catalogs
and only 14 of these were offered at a graduate level. In
Seientific Hydrology, the Ad Hoc Panel 4 reports that as
of spring of 1961,

... there are still perhaps only five or six universities

which offer anything upproaching a program of ad-

vanced study in hydrology. For the most part, the
institutions offering additopal work are located in
the west and southwest,
The importance of increasing the number of qualified man-
power cannot be overemphasized, The U.S. Senate Select
Committee on Waler Resources has pointed out the serious
deficiencies in the seience of hydrology.

On August 7-9, 1962, an Inder-University Conference
on Hydrology convened at Lake Arrowhead, sponsored by
the Water Resources Center, University of California, Los
Angeles. Participunts included representatives from nine-
teen universitics and observers from eight federal agencies
amd the American Geographica] Union, The meeting wis
organized in a response to a need for expanded education
and research progeams in hydralogy at universities in order
tor discuss the manpower and new knowledpe required for
present and future wuter resource developments, Par-

Fop, vt po 2226 (1961)
A o, ofe, po 17 (1962).

ticipants were of unanimous opinion that there s a critical
shortage of suitably trained manpower in all aspects of
Wydeobopy, They firmly believe that universities are obli-
gated to develop adeguate educational programs to meet
the manpower shortape, The group slse agreed that there
should be considerable expansion of water research at
universities in order W strengthen programs in praduate
trainimg.

Courses of Instruction in Hydrology

The current trend in hydrology education is one of
expansion by a number of colleges and upiversities ucross
the nation, A report was compiled by Flackett and
Walton 5 from questionnaires completed by 260 institu-
Ll depariments which includes information on courses
offered, texthooks used, degrees granted by institutions,
and student training pned research programs, Their come
pilation indicates that 120 departments. offered course
work in the area of ground water geology and hydrology.

The report lists some [0 colleges and universitics
which now provide broad coverage in pround-water
geology and hyvdrology. All of these institutions excepl one
are Jocited in the western and southwestern United States,
This has certain significunce as these areas have experi-
enced population expansion; and  the development of
adeguate water o support these areas presents formidable
problems,

Dwuring the 1961-62 academic year, some six or seven
universitics have announced o broader educational pro-
grant in the field of hvdrology, These new programs, for
the most part, are interdisciplinary in that several depart-
meents lave integrated their course offerings for a planned
truining program. However, in most institutions, the
degrees awnrded to the student are in the departmental
area, Ope southwestern university offers undergraduate
and praduate degrees in Hydrology, Anincomplete survey
af the course offerings in colleges and universities in the
Llnited States is given in Table 3.

TABLE 3. Titles of coorses i hydrology and closely related
argis offered by edusational  inslilations  in e
Limited Srates.a

PHYSICAL HYDROLOGY

Seepape and earth dams
Fddeteorology
Hydeameteorelogy
SPhysical and dysamical
predecrislogy

*Hydralogy
Ceroundwinter hydrology
“murlace wter hwdralogy
“Figld hwdralogy
*Lanid mass hwileology
“Watershed hydrolopy s Physical chmatology
*Hudralopgic systems Earish pome aproclimatalopy aad
Swnamics of flow syslems o macrometegralogy
b garih FPhysics of soil waler
“uantitative deermination of  Cilacial geology
aguifer peeformance Permafeost
“Cicology of groumbyater Fluviul geomarphology
“Fluid mechanics Hydzodynamics of sediment
#Mve rody naemicy fraRsportation
Flow in porous media Liranelogy
Free surfoee Tl Cheranography
*Hydraulics of open channels  *Wider guality and geochemisiry
*Hwilranlic engineering P nnnigalive geomarphology
Flomd somtral hvdrology * Aoy moded apalysis of
“River hvdravlics Bydrologic systems
Wider power enginvering “htatistical hydrodogy
Costal engincering Applisd statisties an hydrology
Rever-harbor enpineering and Application of digital compuiier
hydeaudics 1o hdraulics and sanitiry en-
rrigation hydianlics pingering prollemy
Dreainage of agricaliural fumds
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BIOLOGICAL BYDROLOGY BCOSOURY HYDROLOGY
“Forest inflacnces on watershed *Water utilization
MUANEEEIERT sappraisal and development of
FPlant-water-soil relatianships water supplies
# Dendreohedrology Priswiples al walersded munmge-
Hydrobislogy rment
AWk millmly wiel wasle water PWarershed  proprams, adininis
dispas: tration and policy
TPrinciples of samilary eogineer- Willlond Byvilrobogy
ieage Shrpigation  management  and
Waster pollution controd waler conservalion
Chesistry of water purilication  Water instilulions and coonomie
and sewage [reatment Feonomics of waler resourees
Atmospheric pollution Warer liw
*Industrial wastes v Fuman ecology
Drisposal of radieeactive wasles *Lamd economicy
a These courses have been grouped inio thres major divisions, suchi
as Physical, Biologics] anl Beo-Socie Hydrology,
*Courses affered in hydrolopy programs at the Usiversity of
Arizona, Tacson.

Most of the newly announced programs are designed
for graduate training in hydrology. The basic requirement
for entrance to these pragrams leans heavily on substantial
background in mathematics, physics, chemistry, geology,
and hydro-mechanics, The progrums differ samewhat in
concentration of subject matter dependent upon the area
in which the advanced degree is awarded, New technigues
in statistics, operations research, and systems engineering
are some of the new tools being incorporated in modern
progeams, Adequate training in hydrology must abtuin
much assistance from the athed disciplines.

Current enrollment of students entering these new
programs is not available; however, many students have
been seeking such inter-disciplinary training programs in
waler resources. A large percentage ol the students are
from other nations seeking competent training in the water
ficld. A larpe percentuge of the foreign students is from
the Middle East and Eastern countries. These nations have
a great need for well-trained persons in hydrology to pro-
vide the necessary self competence in their waler resources
development., There is hope that the newly developing
countries will avoid repetition of the errors made by those
countries which are now more highly developed. Conse-
quently, students receiving their training in present-day
educational programs will prove to be an important asset
in planning new water development projects,

Hydrology Training at the University of Arizena

The University of Arizona, in the fall of 1961, initi-
ated a pew program in sciemtific hvdrology which provides
broad training in fundamentals and a rigorous synthesis
of hydrologic systems, This program includes undergradu-
ate and praduate curricula leading to the degree of
Bachelor of Science, Master of Secience, and Doctor of
Philosophy in Hydrology, The curriculum includes basic
courses in mathematios, physics, chemistry,  peology,
meteorology, hydromechanics, botany, economics, and
social sciences, In o addition, eight completely new hy-
drology courses have been designed 1o denl with scientific
principles and systems analvses of the many hydrologic
interrelationships o1 the graduate level,

The hydrolopy progeam is puided by a committee
composed of one representative from each of the essential
departments. The comumittee, acting in lieu of a depart-
mental faculty, recommends acceptance or denial of appli-
cations, sdvises students, develops and approves graduate

5 Havkest, Joenes N wid Williwen €, Walton, Edvwcationad o
Academic  Reseorch  Facilities dn Grovsed-Water Geology  wind
Hydrology fn the Dwited Steter ond Conode, Research Comeidreer,
Teelproal  Nvivon of the Natoond Water  Well o svociation,
mimengraphed, (Adav 1961,
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study programs, approves research directors {who may or
muy nol be commitiee members ), and sugpests examining
comiess,

The gradunte prageam affords opportunities for grad-
uate study to students holding degrees in other fields such
as civil engineering, geology, soils, meteorology, and
agricubture. Credit n all of the undergraduate hydrology
courses is not required provided students fulfill certain
requirements as follows: DhHfferentinl equations, general
chemistry and physics, physical and historical geology,
Thuid mechanics, botany or biology, cconomics, engineering
drawing and duata analysis, feld techniques, surveying and
geolagic mapping. Promising applicants deficient in several
of these areas may be admitted with the understanding
that buckpround courses in the required subjects must be
taken withowt graduate credit,

Arcas of Broad Training

The University of Arizona has achieved a recopnized
position in the ficld of arid land studies and water prob-
ferms, which is to be expected, as it is located in the arid
southwesl. Some of the problems relating directly or in-
directly 1o water are unique, The emphasis on teaching and
research in hydrology naturally varies greatly from de-
partment to depurtment. The exceptional scope of the
University’s work in this amnd closely related fields is
incicated by the diversity of activitics outlined as follows:

The Institute of Atmospheric Physics is a research
organizition with the primary objective of gaining basic
knowledge of the weather and climate of Arzona, of the
southwest, and of wrid regions in genernl, The Institute
is attacking the problem of water as the most fundamental
factor in an arid land, all the way from the standpoint of
the regional relationships of the flux of water vapor down
1o and including the microphysical properties of the liguid
and solid water particles in the clouds, Particular emphasis
is placed upon the study of those atmospheric processes
which are associated with the formation of clouds and rain,
The Institute hopes, through its research, o serve the
iderests of all those who struggle with the water problems
of the and zones of the earth.

A great many studies relating to water have been
completed, or are in progress, or planned in the various
departments of the College of Agriculture. The Agri-
cultural  Experiment  Station  cooperates  actively  with
various  government  organizations on  water matters.
Muterial of exceptional hydrologie significance has been
assembled over a period of many years by the Department
of Agricultural Engineering, This department possesses
one of the most complete histarical records of a ground

ater basin ever assembled. Closely related w this work
is the effort to determine transmissibility and specific
yicld of water-bearing formations in these valleys.

The Institvte of Water Utilization s involved in
funckaments] and applied research relating chiefly to the
development, conservation and wtilization of water re-
sources under semi-arid and arid climatic conditions. A
major subject of rescarch is in the area of artificial re-
charge, related to the pround water supply in Arizona,
The Department of Watershed Management is primarily
concerned with the development of managerial methods
which will allow wildland watersheds to produce optimum
yvields of water and other products coincident with satis-
fuctory flood and erosion control, In connection with this
goal, investigations of transpiration rates of various plants
in the wildlund watersheds are being carried out with the
aim of manipulating vegetation for maximum water yield,
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Problems of sodl water and water guality are the
speoial concern of  the Department of  Agricaltural
Chemistry and Soils, For more than 45 vears, the festing
laborutory of this depurtrient has been analyzing water
simples sent in Teom widely seattered arens. Records have
been retained from thousands of chemical analyses of
waler samples. The department is also conducting research
indo o variety of problems concerned with the movement of
water and nutrients through soil and intn plants,

The Department of Agricultural Economics is in-
vestienting such matters ws the pricing of water, the
patterns of watershed development and use, structures of
water Tow, amd water regulatory organization,

The interests of the department of Civil Engincering
big in the area of water resources development and in the
copeeplion, design, construction and operation of water
resources development projects. Recent and current re-
seaureh includes o study of the hydraulics of long culverts
and the hydraulics of partially full flow in conduits of
variols shapes, '

The CGeochromology  Labordories form an inder-
digciplinary unit whizh studies various problems, some of
them relating to the occurrence and movements of water
during the earth™s geologic history. They draw upon
sealogists, peopliyvsicists, peochemists, botanists, abmaos.
plieric phvsicists and others to help solve these problems.

The Laborarory of Tree-Ring Research is one of the
impartant supparting upits for the hydrology  program.
It is presently stressing studies on the relation between
environmenta] paramelers and the radial growth of trees.
This research s divectly selited o hydrology in that
stream flow is determined by some of the same paramelers.
Fhere are strong indications that varidions in widih of
tree-rings may be used as a measure of the varmtions in
precipitation und streamflow during the past 5,000 years,

CONCLUSIONS

The shortage of trained punpower W work on the
many complex water problems throughout the world 15 a

major concern of numy educators, The leqrning processes
i hwdrology education must be undertaken by the college
and university equipped 1o provide scientific training in
hydrodogy., The immediate need for professional hydro-
logists adds 1o the anportance of establishing pradunie
programs in hydeology, In copjupction with  graduate
training, reseurch studies must be developed 1o go bevond
problems undertuken by gradunte students. Indeed, the
fback of scientific knowledye of hvdrologic phenomena can
P velated tor the past deficieney of scientific curiosity and
mativation of basic research in hydrology.

Educational institutions in the United States have
accepted the importance of the water challenge and now
offer  wellsdesigned currdenla for training in scientific
hydrodogy. There are about 20 colleges and universities
throvghout e mtion which sre now focasing expanded
course offerings on the field of water resources. Most of
these stilutions are and-grant or state universities in
the western amd scutlwwestern states, the others are scatter-
ed throughout the midwest and the castern cotsal areas
al the United States. There is a common opinion among
Iydeology educators that comprehensive programs must
be developed 1o elevale hydrology into o scientific dis-
cipline parallel to other physical sciences, The recent
intense interest and  effort being placed on the inter
university cooperation for the training of professional and
sciemtific workers in the leld of water resources probably
marks the embarkation of a new era of educational
develapoent,

As hydrology is a global science, it provides an
intellestuad mediuny for internationn! exchange of ideas
and knowledge on man’s greatest resource — water. The
total impact of the new trend in training programs will
undoubtedly heeome evident in the better solution of water
prablems throughout the world, Such solutions will take
phace in the highly developed as well as the newly develop-
ing countries. The time has arrived when man can look
Foeward Lo receiving adiditional benefits from highly effec-
tive management of the world’s water supply.
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The Watershed Management Program
At Colorado State University

ROBERY E. DIL5 1

and

BERNARD FRANK 2

New and ever-increasing requirements for water are
focusing urgent attention on the need for trained scientists
in various aspects of waler resources development, im-

rovement and management, How new this field is, is
indicated by the fact that most hydrologists and watershed
specialists are still cither self-made or have adapted them-
selves from related professions by in-service training and
experience. Only within the past Tew years hive universities
begun to offer degree programs in walershed management
or hydrolopy,

In recagnition of the need for more adeguate training
in watershed management, the Charles Lathrop Pack
Forestry Foundation through Dr. Arthur N. Pack, made
grants m 1958 o the Universities of Arizona and New
Mexico and to Colorado State University for the express
purpose af furthering education in this vital and complex
field.

So far as Colorado State University is concerned, this
grant made possible the establishment of a Cooperative
Watershed Management  Unit  within  the College of
Forestry and Range Management. With the assistance of
an advisory commitiee composed of laculty and public
agency personnel, an underpradunte curricolum leading
to a B.S. degree with major in watershed management was
conceived and approved by the University. The curriculum
follows closely the recommendations of the Society of
American Foresters” Conunittee on the Training of Men
in Forest Hydrology and Watershed Management, 3)

Pot

The complexily of the water resource and especially
the wide variety of technigues and practices, its improve-
ment and manapement requirements, make essentinl
multidisciplined  approach to an understanding of its be-
havior and control, Consequently, major emphasis in the
program has been placed on praduate traiming. Programs
leading to the M8, and PRD. degrees in watershed man-
agement have therefore been approved by our University.

In further recopnition of the need for specialized
professional training in this field, the US. Forest Service
authorized the appointment of o watershed research
scientist to cooperate with oue Unit in #s graduate pro-
gram, On recommendition of Director Raymond Price,
Mr. Bertram C. Goodelt of the Rocky Mountain Forest
and Range Bxperiment Stition was assigned to the post
of Research Professor of Watershed Management. In
addition to conducting independent studies, Bert Goodell
assists and puides praduate stwdents in the selection and
conduct of their thesis or dissertation research.

P} Charley Lathrap Pack Profesor of Wetceshed  Management
wed feader, Cooperative Wearershed Management Unit, College
of Foregire wnd Ravge Meawagersent, Colorado Stote University,

2) Professor of Wateeshed Muawagenient, Colorada Stote Univer-
HEEY,
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Professional coursework offered at both the under-
graduate and graduate student fevels includes the principles
of watershed manapement, lurgely a basic course in forest
influences and watershed hydrology: watershed manage-
ment techniques, a course which involves field and
Inhoratory work as well as tows to observe and analyze
management and rehabilitation activities on public and
private Torest, rmge and Tarm lands: and  watershed
programs, administration and policy, a course which covers
such flems as the history of water gonservation, federal,
state and kocal responsibilities in waler resources protec-
tivn, development and allocation, und the basic principles
of water liw, ’

Students in other disciplines, particularly  forest
management and range management, are encouraged 1o
elect these courses in thelr programs since they will be
conducting or participating in much of the watershed
management activity of the future,

Ciraduate courses include watershed analysis, in which
the student participates in o fickd survey of & local water-
shed and eollaborates with his fellows in the preparation
of o thorough-poing resource survey report and problem
anabysis, and recommended land and water munagement
practices and remediol measures; research methods in
watershed management, involving un evaluation of scien-
tific methods and technigues as well as eritical reviews of
the results of significant research; and advanced studies in
the hydrology and hydrologic charaeteristics of wildlands,
We hope also to add a graduate course in snow physics
and snow hydrology in the near futore.

In addition to the above more or less standardized
courses, there are availuble courses on special problems,
seminars and individual research,

The nature and interrelationships of the water re-
source are such that most of the work required in our
program is necessarily undertaken in related fields. Since
there is as yet no Civil Service elassification ol watershed
manager or hydrologist, undergraduate students who wish
tr enter federal service must take sufficient work in for-
estry or range management o meet Civil Service require-
ments for forester or range conservationist. Additional
courses in water resource areas ineludes fuid mechanics,
hydrology, meteorclogy, soil physics, geomorphology and
land cconomics, Prerequisites to some of these require-
ments are mathematics through caleolus, statistics, statics,
dynamics, and at keast o year each in chemistey and
pleysics. Further study is required in the biological sciences
und humanities.

A Wik, B G, et af, 1957, The Tratwing of Men in Forest

Hydvolopy  and Watershed Muowagermont. Jowr. For. 55 (4:
2ead-J72,
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Graduate programs  are tailored o the individual
student and depend primarily upon his academic and work
experience, personal interests and the research he elects
tp meet his graduate degree requirements. Our graduate
stuckents to date have had previous training in forestry,
range management, civil or sanitary enpineering, meteor-
olopy, plivsics and soil science. However, all must develop
and demonstrate an understanding of the ecological and
biological sciences as well as the hydrology that are so
fundamental 1o a thorough understanding and application
of watershed munagement principles.

Financial assistance to attract top-quality graduate
students is ot least as essentiol as it is o attract o good
collepe athlete, Since 1938 our graduates have been award-
ek or have won through nationsl competition 1O Charles
Lathrop Puck graduate research assistantships, 6 National
Melfense  peadunte  feflowships, 4 cooperative  National
Science Foundation praduate fellowships, 2 Crown Zeller-
bucls Poundation graduate fellowships, and | fellowship
each from the Boettcher Foundation, American-Swiss
Foumdation and the Fulbright program. Also during the
coming acidenic year one student will be finnnced by a
Colorado State University Economics Department research
assistantslip and another through o graduste  research
assistantshup financed by the Colorado Game und Fish
Depurtment.

Girnduate student theses hoave covered o wide variety
of subjects ranging from forest stand indicators of solar
caciation, characteristics and couses of soil piping erosion,
soow accumulation and melting, and watershed hydrology
1o the economics of jointly managing land areas for timber
Al water,

Field and loboratory facilities for waler research at
Colorado  State Umiversity are outstanding. Within 40
miles of e campus we have access to Bve mnjor Jile zones
ranging from the Great Plaing to alpine tundra and saow-
Fields, Four major United Stades rivers origingte in Colo-
rado’s mountaing: the Platte, Arkansas, Rio Grande and
Calorade - all within a halldoy™s drive from Fort Callins.
Outstanding scientists and technicians in soil and water
conservation, hydrodogy and watershed management in the
I8, Forest Service, Agricultural Resenrch Service, Soil
Conservation Service, Geological Survey, Bureau of Recla-

Fhe Cache la Poudre River west of Fore Collins provides an
exeellest  ontdosr laboratory for aostruction  and  research
walershed mnagement,

Students Feceive practical experience in messuring stresmblow,

mution, Public Health Service and the Boulder Colorado
Laboratories of the National Bureau of Standards, as well
as stale agencies concerned with water resources are
located on or near vur campus amd are available for guest
lectures, seminars and consultation, The facilities of the
Rocky Mountain Station™s Fraser and Manitou Experi-
mental Forests near Denver are readily accessible for me-
steuctionnd and research purposes. When practical, suminee
employment is provided by federal and state agencies to
both undergraduste and pradunte students, thus providing
valuable experience and often excellent research oppor-
tunity.

University faeilities include o new Iydraulics labora-
tory, which will have a separate hydrobiology laboratory,
wind tunnels, a bow - power nuclear reactor, and environ-
ment-controlled growth chambers as well as preenhouse
space. A small eesearch laboratory is being developed
within the boundaries of the Roosevell National Forest at
Pingree Park, site of the Universily’s Summer Camp at
9,000 feet elevation, The watesshed of the Little South
Fork of the Cache la Poudre River, a major tributary of
the South Platie, is being developed for demwnstration and
research purposes, Four gaging stations are now being
muintained by the LS. Geological Survey in cooperation
with the Colorado Water Conservation Bosrd and the
University. Weather stations and snow surveys are cur-
remtly conducted or maintained by University studends
and staft,

~ To date six students have qualified for the B.5.
degree in watershed management. Four of these e now
pursaing graduate programs in this field. The other twa
are gmployed by the U5, Forest Service, one in national
forest administration, and one in research, One of the
graduates 15 currently i Australin studying  watershed
management on a Fulbright graduste fellowship,

OF six students who have completed the MLS, Degree,
three are emploved by the Rocky Mountain Forest and
Range Experiment Station, two are completing military
service requirements and one is with the California De-
partment of Water Resources. Four more students have
completed our doctorate progeam. Two of these are now
in universily feaching, one is entering the Aoy and one
is currently studying microclimatology at the University of
Munich in Germnny on a NATO post-doctoral (ellowship,
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The anticipated enrollment this fall is 20 to 25 under-
praduntes amd 25 graduate students, Of the graduate
stadents 11 are candidates for the Ph.D degree and 4 are
non-degree students, Foreign nationals represent Austria,
Switzerland, Trag, Indin, Turkey, Ghann and Tabwan,

National and international interest in training scient-
ists and techmicians in hydrology, water resources and
walershed  management has led to the establishment of
several mew cducational programs within the past few
years. Colorado Stade University has recendly  initiated
offerings in hydrology in the Civil Engineering Department
and in hydrogeology in its Geology Department, Similarly,
as many of you know, the University of Arizona conducts
a propram in watershed management which also received
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its initial impetus through a grant from the Charles Lathrop
Pack Forestry Foundation, That University likewise has
programs in hydraulics and water research in its Engineer-
mg College and  Agricultural Experiment Station and
recently initiated o new curriculum in hydrology in s
School of Mines.

All these activities in the Rocky Mountain region,
tegether with pew programs ot other institutions should go
far 1o strengthen our knowledge and competence in hy-
drology, watershed management amd the waler resources
field as a whole and to furnish the trained manpower so
essential 1o meeting tomorrow’s challenges for  water
conservation and more and better water supplies.
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Forest Management at
Arizona State College

By CHARLES 0. MINOR
Director Division OFf Forestry

The Division of Forestry at Arizona State College,
now beginping its fifth year, offers the only professional
forestry training in the Arizona—New Mexico area. The
four year progeam leads to the degree of Bachelor of
Science in Forestry, While registration 1s not yet completed,
approximately 140 students are enrolled this Fall. The
division has its own building with some 22000 square feet
of office, classroom, and loboratory space, and has a
present faculty of six,

The division is primarily charged with teaching—our
objective is to develop the student as a man, a citizen, and
a professional forester. He must have o foundation of basic
sciences, must develop an understanding of human rela-
tions and cultores, and must ottain technical proficiency
in Forestry. In our progeam the first two years are devoted
i buckeround in Bnglish, science, and mathematics,
topether with surveying, economics, public speaking, and
technical writing. Following the sophomore year students
enrodl in an eight-week summer fiekd progeam. Eight or
more hours per day, five days per week, are spent in the
field sctually doiog the Beld jobs of forest management,
The upperclass, or pmfessimmg years are spent in technical
forestry courses, in electives Trom the social sciences amd
humanities, and in acquiring a degree of specialization in
some field of forestry, Throughout the program emphasis
is on multiple-use management — every subject is con-
sidered from the aspect of the total forest resource. If in
o field Bab students carey out a particular operation,
questions are immediately posed regarding the effect upon
timber, grass, water, game, and recreation,

FIGURE 1, Precommercinl thinning of Ponderose pine on Arie-
ons State College school Forest,

e "? o i

FIGURE 2. Preparing site for free planting on school ferest,

Laboratory experience is an essential part of forestey
education and we are especially Fortunate in that Arizona
State Collepe is ideally located for the study of forestry.
Flagstaff is in the heart of the largest ponderosa pine farest
in America. Fifteen miles from the campus, at Fort Valley,
is the oldest experimental forest in the United States.
Throughout northern Arizona are modern sawmills; the
Nagel plunt at Winslow and the Navajo mill just dedicated,
are two new modern mills ineorporating the ltest in saw-
miill design. The construction of the new modern pulp mill
at Snowtuke opens o whole new eri of intensity in forest
management and utilization. At Prescott are a wood
preservation plant and o cabin-log plant. Close ot hand are
fumous national monuments, parks, and recreational arcas,
The Beaver Creek watershed aren, mentioned so many
times at these Symposiums, is within easy driving distunce.
All of these facilities are used extensively as a basic part
of the Torestey propram,

Most of the field work, both in the swnmer and in
afternoon labs during the academic year, is carried out on
the Agrizonn State College Sehoal Forest. This aren, come-
prised of 4,000 acres of state land wsed under cooperative
agreciment witly the Stde Land Department, is within Tive
miles of the compus. The arca is used on an average of
four afternoons per week Fall and Spring. The school forest
also serves us o reseirch and demonstration area. Studies
are being conducted on thinning intensity in ponderosa
pine (sapling and pole size stands)y, planting, divect seed-
ing, forest and range inventory methods, and soil moisture
relations, Also under study are forest insect and diseose
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problems, and an investigution of porcupine damage to
ponderasa pine. The Division of Forestry hopes to assist
in the development of forest management in Arizona b
demonstrating and encouraging proper care and use of all
forest resources,

Activities carried out on the School Forest are in-
tended as practical student exercises and also 1o serve as
usable examples for the foresters and forest Tandowners
of the stute. As an example, during the past summer, sixty
acres of sapling-size pine were thinned, using student
labor, under provisions of Practice B-10 of the Agricultura)
Conservation Program. Included in the trented aren were
stands with as many as 7,000 stems per acre. After thin-
ning these were reduced to 400 trees per acre. Increnses
in tree prowth, forage, and water will be carefully studied.

The forestry school is also engaged in various co-
aperative research projects with federal and private forestry
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agencies. Close realtions are maintained with the Flagstaff
Rescarch Center, Rocky Mountain Forest and Range
Lxperiment Station and with local private campanies.
From such cooperative studies have come some eight
publications in the past three years. One major study, on
forest growth potential, should be completed during the
COMInG yer,

We feel we have come a long way in the four years
since the forestry school was established. However, the
real test of our success will lie in our graduates and their
performance, To date, we are receiving very sutisfactory
reports from employers regarding our first graduates,
Perhups il from nothing else, this s because our students
are made to feel that they have a greater than average
responsibility. Afler all, they are learning to manage the
respurces upon which may hinge the future of Arizona and
of the nation,
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